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By  using  the  user  Interface,  the  final  process  plan  can  be 
modified  in  many  different  ways.  The  translation  of  a  design 
feature  to  a  more  appropriate  MetCAPP^M  manufacturing  feature  can 
be  accomplished.  Manufacturing  features  can  be  moved  between 
setups,  setups  can  be  added  or  deleted,  and  machining  operations 
generated  by  MetCAPP^M  can  be  changed.  Finally,  when  an  acceptable 
plan  has  been  generated,  the  code  to  run  a  Computer  Numerically 
Controlled  (CNC)  machine  is  generated. 

The  research  here  addresses  the  process  of  generating  and 
changing  a  process  plan.  Work  was  done  in  the  area  of  feature 
translation,  the  effect  of  changing  a  setup,  and  the  effect  of 
changing  the  machining  operations.  At  each  step  in  the  process,  the 
designer,  process  planner,  or  machinist  is  given  the  opportunity  to 
accept  what  has  been  generated  or  change  it.  By  allowing  changes, 
the  results  of  both  future  and  prior  steps  may  be  affected.  Code  was 
written  that  tracks  these  affects  and  regenerates  the  necessary 
parts  of  the  plan.  This  thesis  documents  the  parts  of  the  plan  that 
may  be  changed,  the  affects  of  making  such  changes,  and  the  code  to 
implement  the  research  results. 
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CHAPTER  I 


INTRODUCTION 

In  traditional  manufacturing  planning,  a  machinist  or  process 
planner  first  examines  the  part  specifications  or  drawings  of  the 
part.  The  planner  then  develops  a  plan  based  on  past  experience  with 
similar  parts  and  his  knowledge  of  the  resources  available.  Physical 
differences  between  parts  must  be  considered,  e.g.  a  similar  but 
slightly  larger  or  smaller  part  may  not  fit  on  the  same  machine.  The 
capacity  of  each  piece  of  equipment  and  the  timing  of  material  to 
the  equipment  must  be  taken  into  consideration.  Also,  the 
capabilities  of  new  machines  and  equipment  must  be  taken  into 
consideration  to  avoid  duplication  of  effort  between  machines.  Any 
two  process  planners,  even  with  similar  background,  may  develop 
different  process  plans.  This  means  that  even  standard  plans  could 
be  inconsistent  and  inefficient.  To  combat  this,  companies  attempt 
to  standardize. 

Computer  Aided  Process  Planning  (CAPP)  is  the  use  of 
specialized  computer  systems  to  aid  in  process  planning.  CAPP 
comes  in  two  forms,  variant  and  generative.  Variant  systems  utilize 
previously  developed  process  plans  which  are  stored  in  the 
computer.  Variant  systems  not  only  store  completed  process  plans 
but  also  the  elements  which  go  into  their  development.  Elements 
such  as  machine  capacities  and  material  specifications,  as  well  as 
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design  attributes  are  coded  and  stored  in  the  system.  Some  codes 
are  developed  based  on  the  attributes  stored,  although  various  types 
of  coding  systems  are  used.  The  codes  used  in  variant  systems 
classify  parts  into  part  families.  As  new  parts  are  generated  a  code 
is  created  for  that  part.  The  system  then  looks  for  a  previously 
stored  process  plan  with  a  similar  code.  The  plan  presented  can  then 
be  used  as  is  or  modified.  The  new  plan  can  then  be  stored  under  a 
new  code. 

Generative  systems,  on  the  other  hand,  have  no  previous  plans 
stored.  They  create  a  process  plan  every  time  a  part  number  is 
entered  into  the  system.  These  systems  are  based  mostly  on  logic 
rules,  design  characteristics,  formulas,  and  algorithms.  All 
elements  of  the  manufacturing  process  (machine  types  available, 
machine  specification,  capacity,  material  specification,  etc.)  are 
programmed  into  the  computer.  Parts  are  coded  based  on  the  above 
elements.  As  a  process  plan  is  needed,  the  computer  searches  all 
the  possible  combinations  based  on  the  code  entered  and  develops  a 
plan. 


There  are  two  major  components  to  most  generative  systems. 
The  first  is  a  geometry  based  coding  scheme  to  translate  part 
specifications  and  drawings  into  computer  understandable  data. 

This  scheme  must  be  done  with  great  detail  in  order  for  the 
computer  to  manipulate  the  data.  The  coding  scheme  must  also 
include  data  on  the  tools  and  machines  used.  This  is  necessary  to 
insure  that  parts  are  put  through  these  machines  correctly  and  in  the 
most  efficient  manner.  The  second  component  is  the  software.  It 
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must  compare  geometry  and  specification  with  the  manufacturing 
capabilities  to  develop  the  process  plan.  Frequently  the  software 
includes  the  ability  to  print  out  the  plans  and  provide  the  codes 
needed  for  CNC  machines. 

Some  of  the  advantages  of  using  computers  are  reduced  labor 
cost  of  preparing  a  process  plan,  reduced  training  costs  of  new 
planners,  and  mitigation  of  the  impact  of  employee  turnover.  Plan 
consistency  will  also  improve  and  CAPP  can  be  a  useful  tool  in 
improving  manufacturing  operations.  Variant  systems,  while 
simpler  to  create  and  easier  to  introduce  to  a  facility,  have 
limitations.  As  new  machines  or  manufacturing  processes  are 
added,  the  computer  database  must  be  manually  updated.  An  expert 
process  planner  is  also  needed  to  help  create  and  maintain  the 
system.  It  sometimes  requires  the  referencing  of  external  manuals 
or  charts  to  modify  an  existing  plan  for  use. 

The  advantage  of  generative  process  planning  is  the  quick 
response  to  change.  Since  a  new  plan  is  generated  every  time,  any 
change  to  the  manufacturing  process  plan  can  be  included  quickly. 
With  equipment  capabilities  known  to  the  computer,  duplication  is 
reduced.  It  is  also  fully  automatic  which  means  less  human 
intervention  with  less  chance  of  error. 

Artificial  Intelligence  (Al)  programs  or  expert  systems  are 
sometimes  used  to  develop  generative  CAPP  software.  Al  programs 
analyze  part  geometries  based  on  symbolic  representations.  They 
produce  a  logical  sequence  of  operations  to  manufacture  a  part, 
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taking  into  account  appropriate  machine  parameters.  An  alteration 
of  the  knowledge  base  (not  the  core  program)  provides  an  easy  way 
to  keep  up  with  changes.  They  provide  the  "brains"  to  a  generative 
system. 

Two  basic  approaches  for  using  Al  in  process  planning  are 
interactive  and  batch  mode.  An  expert  system  that  works  in  batch 
mode  processes  several  jobs  submitted  in  a  batch.  These  systems 
require  or  allow  little  interaction  with  the  process  planner.  Most 
process  planning  systems  today  run  in  batch  mode.  The  advantage  of 
batch  mode  is  that  it  requires  less  time  to  run  than  to  interact  with 
the  system.  The  user  interface  for  a  batch  system  only  consists  of  a 
means  to  start  the  planning,  display  results,  and  if  possible  provide 
an  explanation2.  The  disadvantage  of  batch  mode  is  that  the  process 
planner  has  no  capability  to  modify  the  plan  except  by  hand.  In  order 
for  the  system  to  gain  knowledge  and  improve  its  ability  to  create 
plans,  changes  have  to  be  made  in  the  base  line  program. 

In  an  interactive  system  the  process  planner  consults  the 
system  for  advice  (similar  to  advice  from  a  human  expert).  The 
advantage  is  that  through  this  interaction  both  the  system  and  the 
process  planner  can  learn  to  make  better  plans.  The  user  interface 
would  consist  of  several  menus  or  forms  with  a  series  of  questions 
or  inputs  for  the  process  plan  to  provide.  The  major  disadvantage  is 
that  it  leads  to  long  planning  sessions. 2 

However,  no  system  is  capable  of  providing  a  "perfect"  or 
"optimal"  process  plan.  Part  of  the  problem  is  that  what  is  optimal 
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today  may  not  be  optimal  tomorrow.  The  process  planner  needs  the 
capability  to  either  change  the  parameters  of  manufacturing 
knowledge  in  the  system  before  the  process  plan  is  developed  or 
change  the  process  plan  itself.  This  need  has  been  recognized  since 
the  first  CAPP  systems  were  developed.  The  variant  system 
developed  by  Computer  Aided  Manufacturing  International-Inc. 
(CAM-1)  was  an  interactive  system  which  required  no  specialized 
training  by  the  operator. 

A  generative  feature  based  design  system  known  as  Quick 
Turnaround  Cell  (QTC)  ran  in  batch  mode^.  The  user  interface 
consisted  of  a  design  window  to  create  the  features  and  a  process 
planning  window.  Once  activated,  the  process  planning  system 
automatically  generates  a  process  plan  without  input  from  the  user. 
When  complete,  process  planning  documentation  is  displayed  and  the 
CNC  code  is  generated.  This  system  generates  process  plans 
relatively  quickly  but  has  one  major  disadvantage.  Without  user 
input,  any  changes  to  the  knowledge  in  the  process  planning  system 
has  to  be  changed  in  the  baseline  code. 

The  RDS  avoids  this  problem.  It  provides  both  the  capability  to 
allow  user  input  to  the  plan  and  the  ability  to  automatically 
generate  a  process  plan  through  the  EAM  and  the  User  Interface. 

Since  the  EAM  can  learn  from  previous  design,  this  flexibility  gives 
the  RDS  the  advantage  of  being  able  to  improve  process  planning 
capability. 
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The  Rapid  Design  System 

The  Rapid  Design  System  (RDS)  is  a  United  States  Air  Force  in- 
house  research  project  within  the  Wright  Laboratory  at  Wright- 
Patterson  Air  Force  Base,  Ohio.  The  research  objective  is 
development  of  a  next  generation  Computer  Aided 
Design/Manufacturing/Inspection  System  for  machined  piece  parts. 
The  RDS  utilizes  a  memory  driven,  feature  based  design  system 
integrated  with  an  intelligent  fabrication  and  inspection  system 
process  planning  system.  This  integration  allows  the  RDS  to 
automatically  evaluate  a  design  and  generate  the  fabrication  and 
inspection  plans. 

The  RDS  consists  of  an  Episodal  Associative  Memory  (EAM) 
module,  a  Feature  Based  Design  Environment  (FBDE)  module,  a 
Fabrication  Planner  (FP)  module,  and  an  Inspection  Planning  and 
Evaluation  (IPEM)  module. 

The  EAM  uses  neural  net  technology  to  cluster  designs.  Along 
with  the  ability  to  store  and  retrieve  designs  based  on  geometric 
similarity,  it  has  the  ability  to  "learn".  As  new  designs  are  added, 
the  memory  reclusters  the  designs  using  the  information  gathered 
from  the  new  designs.  With  these  designs  clustered  in  the  memory, 
the  EAM  can  then  "learn"  what  type  of  designs  are  good  and  what  are 
not.  It  can  then  prompt  the  designer,  through  development  of  new 
constraints,  when  a  part  has  been  designed  incorrectly. 
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Product  &  Process  Specificaction 
Figure  1.  Overall  View  of  the  RDS 


Traditional  Computer  Aided  Design  systems  use  lines  and  arcs 
to  describe  a  part.  The  RDS  through  the  FBDE  uses  features. 

Features  such  as  holes,  pockets,  and  edge  cuts,  allow  the  designer  to 
specify  relationships  among  features.  These  relationships  include 
not  only  distances  between  features  but  also  the  fact  that  one 
feature  may  be  attached  to  another,  such  as  a  hole  in  the  bottom  of  a 
pocket.  Features  allow  the  FBDE  to  capture  more  information  about 
the  part  than  just  the  dimensions.  Information  concerning  the 
process,  i.e.  need  to  manufacture  and  inspect  the  part,  are  also 
included. 

The  FP  module  produces  a  manufacturing  process  plan  for 
machining  prismatic  parts.  A  plan  is  created  using  the  information 
from  the  FBDE.  The  plan  is  created  in  a  series  of  steps.  Each  of 
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these  steps,  feature  translation,  feature  sequencing,  setup 
generation,  and  operations  generation,  can  be  generated 
automatically  and  can  be  modified.  When  an  acceptable  plan  has 
been  completed,  the  FP  generates  the  Automatically  Programmed 
Tool  (APT)  code  to  run  a  Computer  Numerical  Control  (CNC)  machine. 

The  FP  module  of  the  RDS  system  uses  a  combination  of 
generative  and  variant  process  planning.  The  RDS  uses  variant 
process  planning  in  that  it  can  store  and  retrieve  previous  parts  and 
their  process  plans.  Parts  are  stored  in  a  database  and  can  be 
retrieved  by  part  name  or  by  similar  design.  However,  the  RDS  uses 
mostly  generative  process  planning.  It  has  the  ability  to  generate  a 
complete  process  plan  from  a  FBDE  design  without  any  input  from 
the  process  planner.  All  elements  of  the  manufacturing  process  (i.e. 
available  machine  types,  machine  specification,  material 
specifications,  feature  sequencing,  and  feature  interactions)  are 
programmed  into  the  system.  As  a  process  plan  is  needed,  the 
system  uses  the  design  data  from  the  FBDE  and  machining  knowledge 
and  develops  a  plan.  The  integration  of  the  FBDE  and  FP  modules 
allows  the  designer  to  check  for  producibility  of  a  design  in  the 
preliminary  phases.  This  can  mean  less  rework  and  fewer 
engineering  change  orders.  This  also  means  that  rapid  prototyping 
can  be  accomplished  cheaply. 

The  RDS  receives  its  machining  information  from  a 
system/database  called  MetCAPP^M.  MetCAPPTM  is  a  stand  alone 
CAPP  program  which  generates  machining  information  for  a  single 
feature.  MetCAPP^M  algorithms  are  based  on  feature  dimensions, 
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machine  selection,  and  material  and  designed  to  be  used 
interactively  to  create  a  feature  by  feature  process  plan  for  a  part. 
MetCAPPTM  makes  no  consideration  for  feature  sequencing,  feature 
interactions,  or  the  design  of  the  part  as  a  whole.  This  means  that 
optimization  is  accomplished  done  by  the  designer,  planner,  or 
machinist.  The  RDS  uses  MetCAPPTM  to  obtain  the  machining 
operations  for  each  feature.  These  operations  include  the  tool  data, 
spindle  speed  and  feed,  and  the  estimated  time  to  machine  the  part. 
Once  these  operations  are  obtained,  the  RDS  manipulates  the 
information  to  create  a  complete  machining  process  plan. 

Statement  of  the  Problem 

The  initial  planning  window  and  user  interface  for  the  RDS  had 
two  major  limitations.  The  first  limitation  was  that  they 
consisted  of  only  three  functions.  The  first  function  was  the  ability 
to  translate  design  features  into  manufacturing  features  with  no 
input  from  the  user.  The  second  function  was  to  group  the  features 
into  setups  based  on  approach  faces  only,  again,  with  no  input  from 
the  user.  The  third  function  was  to  get  the  machining  operations  for 
each  feature  by  calling  MetCAPP'^^  jhe  current  user  interface  and 
planning  window  allows  the  user  to  interact  with  the  system  at  each 
point  of  the  planning  process.  It  also  will  adjust  the  outcome  to 
suit  current  needs. 

The  second  limitation  was  that  planning  was  very  inflexible. 
The  RDS  will  simply  back  up  to  the  beginning  of  the  plan  after  doing 
a  change.  If  data  is  changed  near  the  end  of  the  planning  process 


that  effects  another  part  of  the  process  above  it,  the  whole  plan  had 
to  be  regenerated  (reference  Figure  2).  It  is  interesting  to  note  that 
in  recalculating  the  plan,  the  change  could  be  erased. 

In  order  to  create  a  workable  user  interface,  two  conditions 
had  to  be  met.  First,  a  planning  process  had  to  be  developed  that 
was  smart  enough  to  allow  changes  at  any  step  in  the  process 
without  having  to  regenerate  the  plan.  Second,  this  planning  process 
had  to  automatically  regenerate  any  needed  parts  of  the  plan  without 
destroying  any  changes  previously  made.  These  changes  could  then 
be  stored  as  part  of  the  design. 

Work  on  the  User  Interface  was  divided  into  two  areas.  The 
first  was  the  planning  window.  This  is  the  visual  representation  of 
the  manufacturing  and  design  information  needed  to  create  a  process 
plan.  The  second  is  the  user  interface  itself.  The  user  interface  is 
the  functionality  behind  the  planning  window.  It  consists  of  the 
algorithms  and  code  used  to  produce  the  process  plan. 


Fabrication  Operation  DATA 


Figure  2.  Fabrication  Planning  Flow 


CHAPTER  II 


PLANNING  WINDOW 


In  developing  the  planning  window,  data  was  collected  on  the 
type  of  information  the  user  needed  to  interact  and  develop  a 
complete  machining  process  plan.  This  information  consists  of 
several  items.  First,  information  is  needed  about  the  part  itself. 

This  type  of  information  includes  dimensions,  part  number,  material, 
number  and  design-with  features,  and  feature  sequencing.  Second, 
information  is  needed  about  the  way  in  which  the  part  will  be 
manufactured.  This  information  consists  of  setup  fixturing,  setup 
sequencing,  and  the  features  to  be  cut  in  each  setup.  Using  these 
two  types  of  information,  the  machines  and  processes  available  to 
manufacture  the  part  can  be  determined.  This  information  includes 
machine  availability,  operator  availability,  tool  availability,  and 
machining  operation  details.  Machining  operation  details  are 
operation  descriptions  (rough  cut,  drill,  etc.),  spindle  speed,  spindle 
feed,  tool  identification,  operation  order,  cutting  time,  and  APT/NC 
code  generation. 

Once  the  data  is  collected,  it  is  grouped  by  functionality.  The 
main  groups  of  functionality  are  part  identification  information 
(Part  Number,  Revision  No.,  etc.),  feature  translation  (design  to 
manufacturing),  setup  data  (machine,  quantity,  etc.),  fixturing, 
machining  operations,  tool  data,  and  APT/NC  code.  Once  the  data  is 


grouped,  windows,  panes,  and  icons  were  developed  to  display  the 
information.  The  code  for  these  windows,  panes  and  icons  are  in 
Appendix  B.  Development  of  the  functions  and  methods  for  actually 
creating  and  editing  the  plan  is  part  of  the  user  interface.  This  was 
developed  in  conjunction  with  the  planning  window. 

The  Manufacturing  Window 

The  planning  window  is  actually  two  separate  windows.  The 
first  window  is  the  manufacturing  window  (Figure  3).  In  this 
window  a  user,  e.g.  process  planner,  has  several  choices.  The  user 
can  input  the  part  identification  information  or  generate  a 
completed  process  plan  without  any  input.  The  data  needed  here  is 
received  from  the  FBDE  of  the  RDS  and  from  MetCAPPTM.  This  data 
includes  the  identification  information,  the  "design-to- 
manufacturing"  feature  translation,  setup  information,  and  the 
fixturing  information.  Machining  operations  and  tool  data  are 
received  from  MetCAPP^M.  The  user  can  also  generate  APT/NC  code, 
modify  the  "design-to-manufacturing"  feature  translation,  switch  to 
the  setups  window  (discussed  below),  or  store  the  complete  design 
and  manufacturing  plan. 

As  an  aid  to  the  user,  the  ability  to  draw  the  wire  frame 
representation,  draw  the  solid  representation,  and  change  the 
graphical  view  of  the  design  are  included.  The  manufacturing  window 
also  includes  an  area  which  gives  the  user  a  means  to  view  and  edit 
various  aspects  of  the  manufacturing  features  or  the  machining  plan 
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Figure  3.  Manufacturing  Planning  Top  Level  Window 


itself.  The  ability  to  generate  a  completed  process  plan  without 
guidance  from  an  expert  is  important.  It  allows  the  designer  or 
process  planner  to  check  for  the  manufacturability  of  the  design.  If 
there  are  problems  in  the  design  which  prevent  the  part  from  being 
manufactured,  the  completed  plan  will  show  these  problems. 

Setup  Window 

The  second  window  is  the  setup  window  (Figure  4).  It  is 
actually  a  subpart  of  the  manufacturing  window.  This  window  is 
accessed  by  clicking  on  the  modify  setup  icon  in  the  manufacturing 
window.  In  this  window,  the  user  has  nine  options.  He  can  add 
features  to  a  setup,  delete  features  from  a  setup,  add  a  new  setup, 
delete  a  setup,  generate  the  manufacturing  operations  from 
MetCARPTM^  move  back  to  the  manufacturing  window,  view  a  list  of 
the  current  setups  and  the  features  in  each  setup,  view  the  surface 
areas  available  for  the  different  types  of  fixturing,  or  change  the 
part  quantity  or  machine  for  a  specified  setup.  These  abilities  allow 
the  user  to  modify  the  setups  and  the  individual  machining 
operations  to  create  an  optimal  process  plan. 
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Figure  4.  Setups  Modification  Window 


CHAPTER  III 


THE  USER  INTERFACE 

In  developing  the  user  interface,  a  new  flow  chart  was 
developed  (Figure  5)  to  highlight  that  each  step  of  a  process  plan  can 
be  changed  and  dependant  steps  are  recalculated  in  any  order.  The 
only  limitations  are  the  translation  of  design  features  into 
manufacturing  features  and  the  generation  of  APT/NC  code.  Since 
feature  translation  is  the  basis  of  the  manufacturing  planning,  it 
will  effect  all  other  steps  in  the  process.  Therefore,  translation 
must  always  be  done  first.  Any  changes  to  the  feature  translation 
will  cause  the  rest  of  the  plan  to  be  regenerated.  The  APT/NC  code 
is  the  final  process  to  be  completed.  It  depends  on  all  of  the 
previous  planning  steps.  Any  change  to  the  previous  steps  creates  a 
situation  where  new  APT/NC  code  must  be  generated. 

Feature  Translation 

In  order  to  create  a  complete  manufacturing  process  plan,  one 
must  first  translate  the  design  features  into  manufacturing 
features.  Design  features  are  used  to  represent  the  part  graphically. 
A  manufacturing  feature  contains  manufacturing  information  about  a 
part.  The  manufacturing  information  includes  part  dimensions  as 
well  as  the  machining  operations  needed  to  manufacture  the  part. 
These  manufacturing  features  are  the  basis  for  the  rest  of  the 
machining  planning. 
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Figure  5.  Revised  Fabrication  Planning  Flow 


The  RDS  has  separate  design  and  manufacturing  features.  The 
manufacturing  features  in  the  RDS  are  the  same  features  used  by 
MetCAPPTM  (Figure  6). 
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Figure  6.  Manufacturing  Features 

MetCAPPTM  is  used  to  obtain  machining  information  for  a 
specific  feature.  This  information  includes  the  machining  operation, 
the  tool,  the  spindle  speed  and  feed,  the  number  of  passes  the  tool 
will  make  for  each  operation,  and  the  time  required  to  cut  each 
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operation.  This  feature  translation  is  done  automatically  when 
entering  the  manufacturing  top  level  window.  However,  some  of  the 
design  features  do  not  have  a  one  to  one  correlation  with  the 
MetCAPPTM  features.  Specifically,  there  are  six  untranslated 
features.  These  are  a  hole  (either  blind  or  through)  with  a  diameter 
greater  than  2  inches,  a  triangular  pocket,  a  right  triangular  pocket, 
a  biased  pocket,  and  a  quadrilateral.  To  use  these  features,  they 
must  be  translated  as  a  current  MetCAPPTM  feature.  However,  each 
of  these  features  may  be  machined. 

Each  of  these  features  will  need  to  be  milled.  In  order  to 

determine  which  type  of  MetCAPP™  features  is  appropriate  for  each 

design  feature,  a  number  of  tests  were  run.  First,  a  pocket  with  the 

following  dimensions  was  chosen. 

Length:  4"  Width:  4"  Depth:  4" 

Corner  Radius:  0.1"  Fillet  Radius:  0.0313" 

Angle  between  floor  and  wall:  90° 

Maximum  allowable  cutter  diameter:  2" 

Then,  MetCAPPTM  was  run  using  these  dimensions  for  a  pocket,  an 

open  step,  a  step  to  a  shoulder,  a  through  slot,  an  open  pocket,  a  flat 

rectangular  surface  cutter  axis  parallel,  and  a  flat  rectangular 

surface  cutter  axis  perpendicular.  The  operations  returned  for  these 

features  are  similar  but  not  identical.  The  results  are  in  Table  1  and 

Tables  2  -  7  Appendix  A. 
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Table  1.  MetCAPPTM  Results  for  Pocket 


Operation 

Tool 

No 

Passes 

Speed 

RPM* 

Feed 

1  PM  *  * 

Esi 

Time 

Center 

Drill 

DLS- 

001 

1 

0.097 

0.097 

5348 

37.433 

0.003 

Drill 

Non 

Insert 

Drill 

1 

3.9419 

3.9419 

6909 

35.927 

0. 190 

Plunge 

End  Mill 

MLS- 

0288 

1 

4.0 

4.0 

891 

3.742 

0.988 

Slot-end- 
mi  1  1 

MLS- 

0288 

2 

1.2733 

3.82 

290 

7.98 

0.408 

Rough- 
e  n  d  -  m  i  1 1  - 
floor-wall 

MLS- 

0272 

4 

1.91 

3.82 

1141.0 

16.77 

0.392 

Semi  -  fi  n  - 
e  n  d  -  m  i  1 1  - 
wall 

MLS- 

0265 

2 

1 .985 

3.97 

1454.0 

28.79 

0.4.39 

F  i  n - end- 
rn  i  1 1  -  floor 

MLS- 

0217 

5 

0.03 

0.03 

1273.0 

26.73 

0.275 

F  i  n - end- 
ni  i  1 1  -  w  a  1 1 

Milling 

Cutter 

1 

4.0 

4.0 

19100 

30.94 

0.293 

*  IPM  =  Inches  per  minute  **  RPM  =  Revolutions  per  minute 

These  particular  MetCAPPTM  features  were  chosen  for  trial 
runs  for  specific  reasons.  The  first  five  features  were  chosen 
because  they  are  all  types  of  pockets.  The  difference  is  the  location 
of  the  features.  The  other  two  features,  a  flat  rectangular  surface 
cutter  axis  parallel  and  a  flat  rectangular  surface  cutter  axis 
perpendicular,  were  chosen  because  they  are  the  basis  for  all  other 
MetCAPPTM  features.  Each  of  these  features  requires  similar  input 
values  and  return  similar  operations.  The  differences  arise  mainly 
from  the  location  of  the  feature. 

The  first  MetCAPPTM  test  was  for  a  hole  (either  blind  or 
through)  with  a  diameter  of  4  inches.  This  type  of  hole  can  not  be 
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translated  as  a  hole  because  it  will  be  milled  not  drilled.  The  hole 
was  modeled  as  each  of  the  previous  mentioned  MetCAPP^M  features 
except  for  a  corner  radius  of  2.0".  Results  are  shown  in  Table  9 
Appendix  A.  From  these  results,  one  can  see  that  a  hole  can  be 
translated  into  any  of  these  features  and  machining  operations  can 
be  obtained  for  each.  In  the  case  of  a  blind  hole,  the  machining 
operations  may  be  used  as  is.  In  the  case  of  a  through  hole,  the 
operations  obtained  for  roughing  and  finishing  the  floor  of  the  hole 
would  have  to  be  deleted. 

The  next  MetCAPP™  test  was  run  for  a  biased  pocket.  This 
pocket  was  modeled  as  each  of  the  previous  mentioned  MetCAPP^^ 
features  except  for  an  angle  between  floor  and  wall  of  100°  The 
results  for  a  pocket  are  shown  in  Table  8  in  Appendix  A.  These 
results  show  that  a  biased  pocket  can  be  translated  into  any  of  these 
features  and  machining  operations  obtained  for  each. 

MetCAPPTM  was  then  run  for  a  triangular  pocket,  a  right 
triangular  pocket,  and  a  quadrilateral  pocket  (a  pocket  with  four 
unequal  sides  and  angle  between  the  floor  and  the  wall  not  equal  to 
90o).  Each  of  these  odd  shaped  pockets  can  be  modeled  as  the 
previously  mentioned  MetCAPP’^’'^  features  with  certain 
considerations.  A  triangular  pocket  has  a  smaller  inside  area  than  a 
rectangular  pocket  with  the  same  height,  depth,  and  width.  When 
using  the  MetCAPPTM  features  to  represent  triangular  pockets,  care 
must  be  taken  to  use  the  maximum  cutter  diameter  option.  This  wil' 
return  tools  with  diameters  less  than  or  equal  to  the  specified 
diameter.  This  option  should  also  be  used  with  quadrilaterals.  If 
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the  angle  between  the  sides  of  the  pocket  are  not  90°,  then  a  tool 
that  would  fit  in  a  90°  pocket  may  not  fit  in  a  quadrilateral. 

The  selection  of  which  manufacturing  feature  to  translate  the 
design  feature  to  is  defaulted  or  made  by  the  user  during  review  and 
edit  of  the  plan.  Modification  of  feature  translation  is  provided  in 
order  to  give  the  user  maximum  flexibility. 

Developing  Algorithms  for  Modifying  the  Process  Plan 

In  creating  a  process  plan  the  steps  in  Figure  5  are  used.  In 
the  RDS  system  each  of  these  steps  are  done  in  any  order.  However, 
the  modification  of  any  step  has  a  distinct  effect  on  the  other  steps. 
None  of  these  steps  effect  the  operations  received  from  MetCAPPTM 
for  each  individual  feature.  The  original  machining  operations 
received  from  MetCAPP^*^  are  preserved.  In  this  way  the  process 
planner  will  always  have  a  record  of  them.  The  effect  of  changing 
each  of  the  planning  steps  must  be  looked  at  separately. 

After  the  translations  are  complete,  setups  are  generated.  The 
generation  of  setups  includes  four  areas.  These  are  placing  features 
in  a  setup,  assigning  a  machine  to  the  setup,  assigning  the  quantity 
of  parts  to  be  done  in  each  setup,  and  choosing  the  fixturing  for  the 
setup.  As  each  of  these  areas  are  modified,  the  results  of  the 


Figure  7.  Setups  Flow 
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process  plan  are  changed.  Figure  7  shows  the  overall  flow  of  the 
process. 

The  RDS  automatically  sequences  the  features  within  a  setup. 
This  sequencing  is  based  on  feature  interactions  and  available 
surface  area.  The  changing  of  this  sequencing  can  effect  the 
fixturing,  operations,  and  the  final  APT/NC  code  generated.  If  a 
feature  is  moved  from  setup  A  to  setup  B,  the  surface  area  available 
is  increased  in  setup  A  and  decreased  in  setup  B.  This  may  change 
the  type  of  fixturing  used  for  each  setup.  If  the  surface  area  is  too 
small,  setup  B  may  now  be  unstable.  If  the  feature  interacts  with 
another  feature,  movmg  it  to  another  setup  could  make  the  part 
unmachineable.  A  hole  in  the  bottom  of  a  pocket  may  need  to  be 
drilled  after  the  pocket  has  been  milled  out.  If  these  two  features 
are  in  setup  A  and  setup  B  respectively,  setup  A  would  have  to  be 
machined  before  setup  B.  The  operations  generated  for  the  setup 
will  also  change.  The  operations  for  the  feature  will  be  deleted 
from  setup  A  and  integrated  into  the  operations  for  setup  B. 

The  quantity  of  parts  machined  in  a  setup  is  an  important 
factor  in  choosing  the  machine  for  a  setup.  If  the  user  changes  the 
quantity  of  parts  done  in  one  setup,  then  the  machines  capable  of 
handling  that  setup  are  recalculated.  This  recalculation  includes 
changing  the  machine  sent  to  MetCAPP''’''^  for  each  feature.  The  user 
can  also  change  the  machine  used  for  a  particular  setup.  To  do  so, 
the  user  is  given  two  lists  of  machines.  The  first  is  a  list  of 
machines  capable  of  handling  the  setup  for  a  given  quantity  of  parts. 
The  second  is  a  list  of  machines  capable  of  handling  the  setup  based 
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solely  on  the  size  of  the  part.  This  allows  maximum  flexibility  for 
the  user.  The  results  of  this  change  will  effect  the  tool  selection, 
fixturing  type,  or  APT/NC  code  for  that  particular  setup. 

Fixturing  information  is  generated  for  top  clamping,  side 
clamping,  and  alternative  vice  fixturing.  The  surfaces  available  for 
each  type  of  fixturing  is  displayed  graphically.  When  choosing  the 
fixturing  for  each  setup,  consideration  should  be  made  for  stability 
of  the  part.  Once  fixturing  is  decided,  the  profile  of  the  setup  is 
complete. 

Once  the  setups  are  established,  the  machining  operations  are 
generated.  The  machining  operations  for  each  feature  in  a  setup  are 
based  on  MetCAPPi’M  recommendations.  The  effect  of  modifying 
these  operations  must  now  be  considered  (Figure  8).  The  user  can 
now  modify  the  machining  operations  by  deleting  selected  ones, 
reordering  them,  modifying  the  tools,  speeds,  or  feeds.  If  an 
operation  is  deleted,  then  the  final  dimensions  and  "look"  of  the 
feature  could  be  affected.  The  APT/NC  code  generated  depends  on 
the  machining  operations.  If  a  plunging  or  roughing  operation  is 
deleted  and  the  plan  generates  the  APT/NC  code,  tools  could  be 
broken  or  injures  could  occur.  Therefore,  the  only  operations  that 
can  be  deleted  are  semi-finish  and  finish  operations.  These 
operations  only  effect  the  final  tolerance  and  finish  of  the  features. 
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Generated  Operations 


▼ 


▼ 

Modified  Operations 

Figure  8.  Modifying  the  Operations 

Initial  ordering  of  machining  operations  is  accomplished 
automatically  by  the  RDS.  When  reordering  the  operations,  some 
safety  considerations  must  be  made.  Roughing  operations  for  a 
particular  feature  must  always  come  before  finishing  operations. 
However,  the  finishing  operation  for  one  feature  may  or  may  not 
come  before  the  roughing  operation  of  another  feature.  Care  must  be 
taken  when  editing  the  order.  If  roughing  and  finishing  operations 
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are  ordered  incorrectly,  tools  could  be  broken  and  injuries  could 
occur. 


When  modifying  the  speeds  or  feeds  for  an  operation  one 
important  consideration  should  be  noted.  The  interface  to 
MetCAPPTM  consists  only  of  extracting  the  operations  and  tool  data. 
This  means  that  changing  the  speed  will  not  automatically 
recalculate  the  feed  or  vice  versa  its  done  in  MetCAPP’'^’'^.  Speed  and 
feed  modifications  must  therefore  be  done  with  care. 

A  tool  may  be  changed  for  a  particular  operation.  This  could  be 
done  to  minimize  the  number  of  tools  used  or  because  of  tool 
availability.  If  the  tool  is  modified,  the  information  for  the  new 
tool  is  generated  and  replaces  the  information  for  the  old  tool. 

By  allowing  the  user  to  interact  and  modify  the  process  plan  as 
needed,  the  system  becomes  more  user  friendly.  Each  step  in  the 
process  plan  has  distinct  affects  on  the  other  steps.  These  must  be 
considered  carefully  when  developing  an  optimum  process  plan. 


CHAPTER  IV 


USING  THE  USER  INTERFACE 

The  code  developed  here  is  written  in  LISP  and  involved  the  use 
of  the  Concept  Modeller^M  (CM).  The  Concept  ModellerTM  is  a 
parametric  design  system  developed  by  Wisdom  Systems.  It  is  a 
Lisp  based  system  which  provides  a  tool  kit  of  object  oriented 
functions.  It  provides  functions  for  defining  features,  methods,  and 
user  interface  functions.  A  complete  listing  of  the  code  can  be 
found  in  Appendix  B.  Partial  listings  of  the  code  will  be  illustrated 
as  needed. 


The  Layouts.  Forms,  and  Icons 
for  the  Planning  Window 

The  planning  window  consists  of  two  layouts,  the 
manufacturing  top  level  layout  and  the  setups  modification  layout. 
Each  of  these  layouts  is  a  Concept  Modeller"’"''^  layout  which  consists 
of  several  panes  (Figure  9). 
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Figure  9.  Sample  Code  for  a  Layout 
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A  pane  is  a  designated  area  of  the  layout.  There  are  different  types 
of  panes  available  for  use.  The  types  used  here  are  the  graphics 
pane,  message  pane,  tree  pane,  inspection  pane,  and  the  form  pane. 
The  first  four  panes  are  Concept  Modeller^M  defined  panes  and 
require  no  further  definition  than  to  name  them. 

The  form  pane  requires  a  specified  form.  The  purpose  of  of 
which  is  to  display  the  icons.  There  are  many  different  types  of 
icons  available  in  the  Concept  Modeller^M  jhe  ones  used  in  here  are 
property  icons,  multiple  choice  icons,  editor  icons,  and  command 
icons.  A  property  icon  is  used  to  display  and  modify  the  property  of 
a  specified  object  or  feature.  A  multiple  choice  icon  is  a  group  of 
icons  where  one  of  the  icons  can  be  chosen  for  use.  An  editor  icon 
displays  a  string  of  data  for  display  or  editing.  A  command  icon  is 
used  to  fire  a  predefined  function. 

The  manufacturing  top  level  layout  consists  of  all  five  of  the 
above  panes.  The  form  used  for  its  form  pane  has  eleven  command 
icons.  These  icons  are  labeled  Completed  Plan,  Modify  D2,  Modify 
Setups,  APT  Generation,  Header  Info,  Draw  Part,  Rotate,  Pan,  Pick 
View,  Store  Plan,  Hide  GD&T  (Geometric  Dimensioning  and 
Tolerancing),  and  Done.  The  functionality  behind  the  first  five  will 
be  discussed  under  the  user  interface  section.  Draw  Part  allows  the 
user  to  draw  the  wire  frame,  wire  frame  with  hidden  lines  removed, 
or  the  solid  part.  Rotate,  Pan,  Pick  View,  and  Hide  GD&T  effect  the 
orientation  of  the  part  on  the  screen. 
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The  setups  modification  layout  consists  of  a  graphics,  tree, 
message,  and  form  pane.  The  form  attached  to  the  form  pane  has  the 
same  function  as  for  the  manufacturing  top  level  form  but,  consists 
of  eleven  command  icons.  These  icons  are  Current  Setups,  Fixturing, 
Quantity/Machine,  Add  Feature,  Delete  Feature,  Add  Setup,  Delete 
Setup,  Operations,  View  Tooling,  Draw  Part,  and  Done.  The  Current 
Setups  icon  displays  the  number  of  setups  and  the  features  in  each 
setup.  The  View  Fixturing  icon  provides  a  list  of  fixturing  types  and 
graphically  displays  the  surface  area  available  for  each  type  of 
fixturing  per  setup. 


Modifying  the  Process  Plan 

The  user  interface  allows  the  user  to  create  a  complete 
process  plan  with  or  without  any  input.  In  order  to  do  this  several 
options  are  available.  To  create  a  process  plan  automatically,  i.e. 
without  any  human  input,  the  user  selects  the  Completed  Plan  icon  in 
the  Manufacturing  Top  Level  layout.  This  icon  uses  several  functions 
which  call  MetCAPPT*'^  by  setup,  sequences  the  MetCAPP^M 
operations,  and  displays  the  complete  plan  by  setup. 

In  order  to  call  MetCAPPi’*'^,  each  feature  must  be  associated  to 
a  machine.  Machine  selection  is  based  on  the  size  of  the  starting 
block.  Once  the  machine  is  chosen,  the  dimensions  and  material  are 
obtained  from  the  manufacturing  feature.  Using  this  information, 
the  operations,  speeds,  feeds,  tool,  and  estimated  cutting  time  are 
generated  from  MetCAPPi’^.  These  operations  are  then  sequenced  by 
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setup.  Once  this  is  complete  the  final  plan  is  displayed.  The  plan 
can  then  be  saved  to  a  file  for  printing,  along  with  the  tool  data. 

In  general,  modifications  to  the  plan  are  needed  for 
optimization.  This  can  be  done  either  before  generating  the 
completed  plan  or  after.  One  of  the  first  modifications  that  is 
needed  is  to  enter  the  header  information.  This  is  done  by  selecting 
the  Header  Info  icon  (Figure  10).  The  header  information  is  needed 
to  identify  the  plan  for  storage  and  retrieval.  It  consists  of  the  part 
number,  the  job  control  number,  the  JOCAS  number,  the  name  of  the 
planner,  the  name  of  the  lead  technician  who  will  be  making  the 
part,  the  priority  of  the  part  run,  the  scheduler,  the  issue  date  of  the 
process  plan,  the  due  date,  and  the  customer.  The  engineer's  and 
planner’s  name  are  taken  from  the  login  name  since  they  are  the 
users  of  the  system.  Each  piece  of  information  is  a  property  of  the 
plan.  They  are  entered  and  edited  by  property  icons. 

If  the  user  wishes  to  change  the  "design-to-manufacturing" 
translation,  the  icon  Modify  D2  is  provided.  (Figure  11)  It  displays 
the  list  of  design  features  and  their  corresponding  manufacturing 
features.  If  there  is  no  direct  translation  for  a  design  feature  then 
NIL  is  displayed.  To  change  the  translation,  the  user  selects  the 
feature  pair.  The  system  then  provides  a  list  of  manufacturing 
features  that  the  chosen  design  feature  can  be  translated  into.  Once 
a  manufacturing  feature  is  selected,  the  user  is  returned  to  the 
"design-to-manufacturing"  feature  list  display. 
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Figure  11.  Modify  D2  Screen 
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After  completing  the  desired  changes,  the  user  is  given  the 
choice  of  Done  or  Cancel.  If  the  user  chooses  Cancel,  the  "design-to- 
manufacturing"  feature  translation  remains  unchanged.  If  the  user 
selects  Done,  the  translation  is  changed  according  to  the  users 
inputs.  The  functions  used  here  are  written  for  each  design  feature 
type.  For  each  feature  type,  the  function  deletes  the  current 
manufacturing  feature,  if  it  exists.  It  then  translates  the  design 
feature  to  the  user  specified  manufacturing  feature.  When 
translating  very  different  types  of  features,  such  as  a  hole  into  a 
pocket,  special  mapping  of  some  the  dimensions  to  accommodate  the 
translation.  In  the  instance  of  a  hole  to  a  pocket,  the  diameter  of 
the  hole  is  mapped  to  the  length  and  width  of  the  pocket.  The  radius 
of  the  hole  is  then  mapped  to  the  corner  radius  of  the  pocket.  These 
dimension  changes  are  done  automatically  according  to  the  type  of 
feature  being  translated. 

Both  of  the  previously  mentioned  edits  are  top  level  changes. 
What  if  the  user  wishes  to  change  part  of  the  process  plan  itself? 
This  is  done  in  the  Setups  Modification  layout.  To  enter  that  layout, 
the  user  selects  the  Modify  Setups  icon.  In  this  layout,  the  user  has 
several  options.  In  order  to  view  the  list  of  setups  and  the  features 
in  each  setup,  he  can  select  the  Current  Setups  icon.  This  icon  calls 
a  function,  view-setups,  which  finds  the  features  for  each  setup  and 
displays  them  (Figure  12). 
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Figure  12.  Sample  Code  for  Viewing  the  Current  Setup 

If  the  user  does  not  like  the  setups,  he  can  change  them.  To 
add  a  feature  to  a  setup,  the  user  selects  the  Add  Feature  icon.  The 
RDS  then  displays  the  current  features  not  in  the  setup.  The  user 
chooses  the  feature  to  add  to  the  setup.  If  the  feature  chosen  is 
correct,  the  system  proceeds  to  create  a  new  setup  with  the 
requested  features.  The  previous  setups  are  not  destroyed.  This 
allows  the  user  to  compare  setups  to  choose  the  optimum  one  for  his 
needs. 


If  a  feature  is  to  be  deleted  from  a  setup,  the  Delete  Feature 
icon  is  selected.  The  system  displays  the  current  features  in  the 
setup  and  the  user  chooses  one  to  delete.  The  system  then  creates  a 
new  setup  with  the  revised  list  of  features.  Again,  the  previous 
setup  is  not  destroyed. 

Add  Feature  and  Delete  Feature  only  change  the  composition  of 
a  setup  one  feature  at  a  time.  If  the  user  wishes  to  move  several 
features  between  setups,  a  new  setup  can  be  created.  This  is  done 
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by  selecting  the  Add  Setup  icon.  The  system  then  asks  for  the 
number  of  features  to  be  included  in  the  setup.  Once  that  number  is 
chosen,  the  system  cycles  through  the  list  of  available 
manufacturing  features,  allowing  the  user  to  select  one  feature  at  a 
time.  If  the  final  list  of  chosen  features  are  correct,  the  system 
creates  a  new  setup  with  the  selected  features,  leaving  the  current 
setups  intact.  This  allows  the  user  to  do  "what  if"  scenarios.  When 
creating  the  new  setup,  the  system  checks  to  make  sure  that  there 
is  adequate  surface  area  to  fixture  the  setup.  If  there  is  not,  then 
the  features  are  divided  into  the  least  number  of  setups  that  are 
needed  to  adequately  fixture  the  part. 

Once  the  setups  are  created,  the  machine  associated  with  that 
setup  can  be  changed.  The  machine  is  chosen  based  on  two  criteria, 
part  size  and  setup  quantity.  The  setup  quantity  is  the  quantity  of 
parts  to  be  run  in  one  setup.  In  order  to  change  either  the  setup 
quantity  or  the  machine,  the  user  selects  the  Ouantity/Machine  icon. 
This  icon  generates  a  form  with  two  property  icons,  quantity  and 
machine.  The  user  can  select  either  one  to  modify.  If  the  user 
chooses  to  modify  the  quantity,  that  modification  could  change  the 
machine  selection.  Two  different  tables  are  used  for  machine 
selection.  One  is  based  on  a  quantity  greater  than  or  equal  to  seven. 
As  the  quantity  changes,  the  machine  selection  also  changes. 

The  user  may  choose  to  change  the  machine  manually.  In  this 
case  the  user  is  given  the  choice  of  two  machine  lists.  The  first  is  a 
list  of  machines  capable  of  machining  the  part  based  on  the  quantity 
of  parts  in  a  setup.  This  list  is  ordered  by  preference  of  the  current 
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user  of  the  system,  4950th  Test  Wing,  a  unit  of  the  Air  Force  which 
does  manufacturing  for  aircraft  modifications.  The  second  is  a  list 
of  machines  capable  of  machining  the  part  based  on  size  of  the  part 
only.  These  two  lists  are  used  to  allow  the  user  the  flexibility  to 
choose  the  machine  that  best  fits  the  current  situation.  Once  the 
machine  is  chosen,  the  machine  property  is  changed  for  that 
particular  setup  as  well  as  for  each  feature  in  a  setup. 

With  the  setups  created,  the  surface  area  available  for 
fixturing  can  be  displayed.  Fixturing  area  is  done  for  vice  fixturing, 
top  clamping,  and  side  clamping  devices.  In  order  to  view  the 
surface  area,  the  user  chooses  the  View  Fixturing  icon.  The  system 
then  displays  a  list  of  fixturing  options  to  be  viewed.  These  include 
side  clamping,  top  clamping,  and  two  alternatives  for  vice  clamping 
with  parallel  or  base  face.  The  parallel  face  is  the  area  that  the 
vice  clamp  touches.  The  base  face  is  the  face  that  the  part  sits  on 
in  that  setup  when  fixtured  using  vice  clamps.  Once  the  fixturing 
option  is  chosen,  the  surface  area  is  displayed  in  different  colors  in 
the  graphics  pane. 

Once  a  particular  setup  is  chosen,  the  operations  to  machine 
the  setup  can  be  generated.  This  is  done  by  choosing  the  Operations 
icon.  The  Operations  icon  calls  a  function  which  requests  the 
operations  for  all  the  features  in  that  setup.  A  call  to  MetCAPPTM  js 
made  for  each  feature.  The  resulting  operations  are  then  sequenced 
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Figure  13 


Manufacturing  Operations  by  Setup 
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and  displayed  on  screen  (Figure  13).  Once  these  operations  are 
displayed,  the  user  has  six  options  displayed  in  a  multiple  choice 
icon.  Only  one  option  can  be  chosen  at  a  time.  This  is  to  reduce 
confusion  when  modifying  the  operations.  The  user  can  delete  an 
operation,  reorder  the  operations,  modify  a  tool,  modify  a  speed, 
modify  a  feed  value,  or  continue.  If  the  user  chooses  to  continue,  he 
in  effect  accepts  the  plan  without  modification.  In  order  to  delete 
an  operation,  the  user  selects  the  delete  operation  option.  Then  the 
Done  icon  is  selected.  The  system  then  displays  a  list  of  numbers 
corresponding  to  the  number  of  operations.  The  planner  chooses  a 
number  and  the  corresponding  operation  is  displayed.  If  that  is  the 
operation  to  be  deleted,  the  system  deletes  it.  If  not,  the  system 
returns  to  the  operations  form. 

When  reordering  the  operations,  the  user  is  again  given  a  list 
of  numbers  corresponding  to  the  number  of  operations.  However, 
this  list  is  in  a  more  editable  form.  It  enables  the  user  to  reorder 
the  numbers  as  desired.  Once  the  reordering  is  completed,  the  new 
order  of  operations  is  displayed.  If  this  is  acceptable,  the 
operations  are  changed  within  the  setup  itself.  This  reordering  does 
not  effect  the  MetCARPT^  order  of  operations  within  a  feature.  The 
original  operations  order  is  preserved  and  can  be  regenerated  if 
needed  in  the  future. 

In  order  to  modify  a  tool,  the  operation  that  contains  that  tool 
must  first  be  selected.  The  RDS  displays  a  list  of  numbers  identical 
to  the  ones  used  in  deleting  an  operation.  However,  this  time  the 
tool  in  a  selected  operation  is  then  displayed.  The  user  can  then  edit 
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the  tool  as  desired.  There  is  one  problem  with  editing  the  tool.  If 
you  change  tools  and  select  a  tool  that  is  not  in  the  MetCAPP^M  tool 
database,  you  will  get  no  information  back  about  it.  This  could  be  a 
problem  when  trying  to  identify  or  obtain  the  correct  tool  for  an 
operation  from  a  tool  crib.  Once  the  tool  is  edited,  it  is  changed  in 
the  setup  operation  property  and  in  the  property  of  each  feature. 

Editing  the  speed  and  feed  values  of  individual  machining 
operations  is  similar  to  editing  the  tools.  The  difference  is  that  the 
values  of  speed  and  feed  are  changed  in  the  feature  properties  only; 
because  in  the  setup  the  property  contains  only  the  list  of  features, 
operations,  and  tools.  Once  all  modifications  to  the  operations  have 
been  done,  the  planner  can  choose  Continue  to  leave  the  operations 
form. 


The  tooling  information  is  provided  for  two  reasons.  The  first 
reason  is  to  give  the  user  the  needed  information  to  select  the 
correct  tool  for  each  operation.  The  second  is  to  give  the  machinist 
the  needed  information  to  retrieve  the  tool  from  the  tool  crib.  The 
tooling  information  generated  can  be  displayed  on  the  screen  and  is 
saved  to  a  file  for  printing  when  the  plan  is  complete.  In  order  to 
display  the  tooling  information,  the  Tool  Data  icon  is  chosen.  This 
icon  calls  a  function  to  check  what  type  of  tool  is  used  and  then 
displays  the  information  based  on  that  type.  The  information  is 
obtained  by  a  call  to  MetCAPPTM.  There  are  22  different  types  of 
tools  available  in  the  MetCAPP^M  tooling  database.  This  calls  for  22 
different  formats  for  displaying  the  information  (Figure  14). 
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Figure  14.  Sample  Code  for  Non  Insertable  Milling 

Cutter 


The  format  is  chosen  based  on  the  type  of  tool.  The 
information  is  displayed  for  each  different  tool  used  in  a  setup.  The 
information  can  be  done  by  setup  or  for  the  whole  part.  Each  tool  is 
displayed  one  at  a  time  (Figure  15). 
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Once  all  the  modifications  to  the  setups  have  been  done,  the 
user  can  exit  the  Setup  Modification  window  and  return  to  the 
Manufacturing  Top  Level  window,  by  selecting  the  Done  icon.  But 
before  the  user  can  exit,  a  check  is  made  to  ensure  that  each  feature 
is  used  in  one  and  only  one  setup.  If  a  feature  is  used  in  multiple 
setups  or  not  used  at  all  a  warning  message  is  displayed  and  the 
user  is  left  in  the  Setup  Modification  window.  Extra  setups  can  be 
deleted  by  choosing  the  Delete  Setup  icon.  The  user  simply  chooses 
the  setup  and  it  is  deleted.  By  providing  this  check  the  user  is 
forced  to  ensure  that  no  feature  is  duplicated  or  left  out. 

When  the  final  process  plan  is  completed,  the  user  has  several 
options.  First,  the  user  can  review  the  plan  on  the  screen,  (Figure 
16)  again  using  the  Competed  Plan  icon.  Second,  the  user  can  print 
out  the  plan.  In  order  to  print  out  the  plan,  the  user  must  have 
chosen  the  Completed  Plan  icon  and  stored  the  plan  to  file.  The 
planner  can  then  simply  print  that  file  (Figure  17).  Third,  the  user 
can  generate  the  APT/NC  code  for  an  individual  setup  or  the 
complete  plan.  To  generate  the  APT/NC  code,  the  planner  must 
choose  the  APT  generation  icon.  The  system  then  generates  the 
APT/NC  code  and  saves  it  to  a  file.  Lastly,  the  user  can  store  the 
design  and  the  process  plan  in  a  database  for  future  use. 

This  last  option  is  important.  The  Episodal  Associative 
Memory  portion  of  the  RDS  allows  the  user  to  bring  up  designs 
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Figure  16. 


Complete  Process  Plan 


Figure  17 


Printed  Process  Plan 


similar  to  the  one  currently  in  the  system  based  on  similar 
geometry.  Having  the  manufacturing  information  stored  as  part  of 
that  design  gives  the  user  the  ability  to  use  the  previous 
information  as  part  of  the  new  design. 

Each  of  these  modifications  can  be  made  in  any  order.  The 
demand  driven  nature  of  the  Concept  ModellerTM  means  that  if 
information  is  needed  from  one  property  to  generate  another 
property,  the  first  property  will  be  generated  in  order  to  satisfy  the 
needs  of  the  second  property.  In  terms  of  the  user  interface,  this 
means  that  when  viewing  or  modifying  one  part  of  the  plan,  all  other 
needed  parts  of  the  plan  are  generated.  Any  changes  to  these  parts 
are  automatically  displayed. 


CHAPTER  V 


TRACKING  THE  PLANS  AND  USERS 

Tracking  the  Plan 

In  order  to  track  the  initial  and  modified  versions  of  the 
process  plan,  the  operations  are  stored  in  three  ways.  First,  the 
initial  operations  received  from  MetCAPPTM  for  each  feature  is 
stored  by  feature  under  the  property  Operations.  This  group  of 
unsequenced  operations  is  left  unaltered.  These  operations  are  then 
sequenced  by  setup.  Second,  the  sequenced  operations  are  stored 
under  each  individual  setup  in  the  property  called  operations- 
sequence-list.  If  the  operations  is  modified  in  any  way,  the 
operations-sequence-list  is  modified.  Finally,  the  modified 
operations  are  also  stored  under  each  feature  in  the  property  NC- 
ops-list.  This  is  the  property  which  the  APT/NC  operations  methods 
use  to  generate  the  APT/NC  code. 

By  storing  the  plan  in  this  way,  manufacturing  knowledge  is 
now  a  part  of  the  design.  The  system  knows  not  only  the  initial  plan 
it  generated,  but  also  the  modified  plan  the  user  created.  If  later  a 
part  is  run  again,  there  is  now  a  choice  of  using  the  initial  generated 
plan,  the  modified  plan,  or  creating  a  new  plan  depending  on  the 
circumstances.  Having  several  iterations  of  the  plan  available  also 
allows  the  EAM  to  begin  to  reason  about  process  planning.  As  plans 
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are  modified,  the  EAM  will  be  able  to  use  the  modifications  to 
generate  better  plans  in  the  future. 

Tracking  the  Users 

For  the  RDS,  as  for  many  other  systems,  it  is  important  to  both 
control  access  to  the  system  and  maintain  a  log  of  who  is  using  the 
system.  This  is  done  by  requiring  each  user  to  have  a  login  ID.  This 
ID  is  then  stored  as  a  global  variable  in  the  system.  Once  the  user 
logs  in  and  generates  a  process  plan,  his  ID  and  name  are  stored  as 
part  of  the  plan. 

In  order  to  protect  designs  and  process  plans,  the  amount  of 
access  to  the  system  a  user  has  depends  on  the  permissions  that  are 
associated  with  the  ID.  Users  classified  for  read,  modify,  and  write 
permissions.  Read  permission  gives  you  access  to  view  a  completed 
design  and  process  plan.  It  doesi  not  allow  you  to  generate,  modify, 
or  store  plans.  Write  permission  gives  you  full  control  over 
generating,  modifying,  and  store  a  process  plan.  Modify  permission 
does  the  same  as  write  except  you  can  not  store  the  plan.  It  allows 
the  user  to  play  "what  if'scenarios  without  permanently  changing  a 
process  plan.  This  permission  scheme  was  developed  in  this  way  in 
order  to  allow  junior  level  process  planners  to  use  the  system 
without  being  able  to  overwrite  a  plan  deemed  acceptable  by  the 
senior  level  process  planners. 


CHAPTER  VI 


CONCLUSION 

In  developing  the  user  interface  for  the  RDS,  two  major 
problems  were  evident.  First,  the  interface  had  to  be  user  friendly. 
Many  process  planners  and  machinists  are  unfamiliar  with  computer 
aided  process  planning  or  even  computers  at  all.  But  some  may  be 
quite  computer  literate.  By  providing  a  menu  driven  interface  that 
allows  direct  access  through  user  command,  both  types  of  users  are 
satisfied. 

Second,  the  interface  had  to  be  flexible.  No  CAPP  program, 
whether  variant  or  generative,  can  produce  a  process  plan  without 
any  human  interaction.  At  least,  not  without  becoming  quickly 
outdated.  This  means  that,  for  the  RDS  to  avoid  this  problem,  the 
option  to  change  had  to  be  present  at  every  point  in  the  planning 
process.  But  allowing  this  degree  of  flexibility  causes  its  own 
problems.  Since  the  planning  process  is  not  always  done  in  a  serial 
manner,  careful  accounting  had  to  be  done  in  order  to  keep  track  of 
how  a  modification  to  one  part  of  the  plan  effected  the  overall  plan. 
Checks  were  built  in  that  eliminated  many  of  these  problems, 
however,  this  is  an  issue  which  needs  to  be  monitored  carefully. 

By  allowing  the  user  to  create  a  plan  either  interactively  or 
automatically,  the  benefits  of  both  worlds  are  realized.  Automatic 
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generation  allows  the  user  to  generate  plans  quickly.  It  can  also  aid 
the  designer  in  ensuring  that  the  designs  created  are 
manufacturable.  By  using  the  interactive  mode,  knowledge  gained 
from  the  modifications  can  be  captured  by  the  EAM.  This  will  allow 
the  RDS  to  improve  its  process  planning  capabilities. 


CHAPTER  VII 


RECOMMENDATIONS 

As  the  RDS  continues  to  expand,  many  parts  of  the  user 
interface  will  have  to  be  changed.  More  work  should  be  done  in 
feature  translation.  Each  of  the  design  feature  needs  to  have  a 
direct  translation  to  a  manufacturing  feature.  But  the  option  to 
change  that  translation  needs  to  be  maintained.  This  will  allow  the 
user  to  tailor  the  responses  from  MetCAPP^M  to  his  present  needs. 

Work  should  be  done  is  regard  to  the  EAM.  The  manufacturing 
knowledge  is  not  being  fully  captured  in  the  RDS.  Some  work  has 
been  done  on  using  the  EAM  to  do  feature  sequencings^  However,  the 
EAM  is  not  being  fully  utilized  with  regard  to  manufacturing.  While 
some  manufacturing  constraints  have  been  coded  into  the  system, 
they  are  primarily  the  constraints  imposed  by  MetCAPP^M.  Using  the 
EAM  to  train  and  capture  manufacturing  constraints  as  they  are 
developed  through  use  of  the  RDS  would  be  a  great  advantage.  Future 
users  of  the  system  would  then  f.cve  the  benefit  of  past  experience 
(both  the  problems  and  successes)  of  previous  planners. 

The  EAM  should  also  be  used  to  cluster  on  parameters  other 
then  just  design  features.  The  EAM  could  retrieve  designs  based  on 
manufacturing  features,  feature  interactions,  setups,  or  entire 
plans.  Since  manufacturing  and  design  features  differ,  allowing  the 
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EAM  to  retrieve  on  manufacturing  features  may  provide  a  different 
set  of  similar  parts  then  retrieving  on  design  alone.  Process 
planners  may  also  want  to  retrieve  designs  based  on  similar  process 
plans  and  the  problems  encountered.  The  EAM  could  be  queried  based 
on  any  number  of  user  defined  parameters. 

The  flexibility  of  the  user  interface  could  also  be  enhanced. 
Right  now  there  are  several  input  parameters  to  a  process  plan  that 
are  defaulted.  These  include  such  things  as  material  specification, 
tolerancing,  and  other  inputs  to  MetCAPP’’’’^.  Material  specification 
is  currently  defaulted  to  T-7075  aluminum.  This  can  be  changed  by 
the  user  but  not  easily.  There  are  also  up  to  16  different  parameters 
which  can  be  fed  into  MetCAPP^M.  Currently,  only  the  dimensions, 
material,  machine,  and  tolerance  are  used.  Other  parameters,  such 
as  setup  rigidity,  thin  wall  conditions,  and  required  cutter  radius 
are  defaulted.  These  parameters  could  be  included  in  the  user 
interface  to  allow  the  user  to  retrieve  operations  which  best  suit 
the  current  situation. 

Tolerancing  information  is  not  currently  being  used  to  its 
fullest  potential.  Default  tolerancing  of  single  features  is  being 
passed  to  MetCAPPTM.  The  user  can  change  that  tolerance  when 
creating  or  modifying  a  feature.  Geometric  Dimensioning  and 
Tolerancing  (GD&T)  information  is  also  available  through  the  use  of 
GD&T  features.  This  gives  you  positional  tolerancing  and  tolerancing 
between  features.  But  this  type  of  information  is  not  used  by 
MetCAPPTM,  therefore  it  is  not  considered  in  creating  the  process 
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plan.  Incorporating  this  information  into  the  process  plan  would 
increase  the  potential  usefulness  of  the  RDS. 

Flexibility  in  storing  the  plans  could  also  be  increased.  A  new 
way  to  store  plans  created  by  the  junior  process  planners  is  needed. 
Currently,  only  the  plans  created  by  the  senior  level  process 
planners  are  stored.  This  means  that  if  a  junior  planner  creates  an 
acceptable  plan,  the  plan  must  be  recreated  by  a  senior  planner  in 
order  to  be  stored.  One  way  of  doing  this  may  be  to  create  a 
temporary  storage  location  for  plans  created  by  junior  planners.  If 
these  plans  are  approved  for  usage,  a  senior  level  planner  could  move 
them  over  to  the  permanent  database  which  the  EAM  accesses. 


APPENDIX  A 


Table  2.  MetCAPP^M  Results  for  Open  Step 
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Table  3.  MetCAPPTM  Results  for  Step  to  a  Shoulder 
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Table  4.  MetCAPPTM  Results  for  Through  Slot. 
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775 

14.183 

1 .692 

Fin-end- 
rn  ill- floor 

MLS- 

0224 

3 

0.03 

0.03 

955 

28.65 

0.627 

F  i  n - end- 
ni  i  1 1  -  w  a  1 1 

MLS- 

0224 

2 

4.0 

4.0 

1432 

33.509 

0.358 

Table  5.  MetCAPPTM  Results  for  Open  Pocket 


Operation 

Tool 

No 

Passes 

Speed 

RPM 

Feed 

1PM 

Esi 

Time 

Center 

Drill 

DLS- 

001 

1 

0.097 

0.097 

5348 

37.433 

0.00.3 

Drill 

Non 

Insert 

Drill 

1 

4.0 

4.0 

6909 

35.927 

0,192 

Slot  End 
Mill 

MLS- 

0288 

2 

1.985 

3.97 

670 

8.040 

0.950 

Rough- 
c  n  d  -  m  i  1 1  - 
floor- wal  1 

MLS- 

0272 

4 

1.985 

3.97 

833 

16.743 

0.912 

Serni-fin- 
c  n  d  -  m  i  1 1  - 
wall 

MLS- 

0265 

2 

1 .985 

3.97 

1898 

52.385 

0.410 

F  i  n - end- 
in  i  1 1  -  fl  00  r 

MLS- 

0217 

5 

0.03 

0.03 

1698 

50.94 

0.390 

F  i  n - end- 
ni  i  1 1  -  w  a  1 1 

Milling 

Cutter 

1 

4.0 

4.0 

3820 

44.312 

0.254 
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Table  6.  MetCAPP^M  Results  for  Cutter  Axis  Parallel 


Operation 

Tool 

No 

Passes 

Cut 

Depth 

Total 

Depth 

Speed 

RPM 

Feed 

1PM 

Esi 

T i  Ill  e 

Rough- 
c  n  d  -  ni  i  1 1  - 
floor- wal  1 

MLS- 

0272 

8 

.990 

2.970 

1  141.0 

16.77 

3.472 

Fin-cnd- 
in  i  1 1  -  w  a  1 1 

MLS- 

0224 

1 

3.0 

6.0 

19100 

30.94 

0.179 

Table  7.  MetCAPPTM  Results  for  Cutter  Axis  Perpendicular 


0  p  e  r  a  1  i  o  n 

Tool 

No 

Passes 

■TOtniM 

IBEDSI 

Speed 

RPM 

Feed 

1PM 

Fsi 

Time 

Rough- 
e  n  d  -  m  i  1 1  - 
floor 

MLS- 

0272 

4 

.990 

2.970 

1  141.0 

16.77 

F  i  n - end- 
ni  i  1 1  -  floor 

MLS- 

0224 

3 

3.0 

6.0 

19100 

30.94 

1.30S 

Table  8.  MetCAPPTM  Results  for  Biased  Pocket 


Operation 

Tool 

Center 

Drill 

DLS- 

001 

Drill 

Non- 
i  nsert- 
drill 

Plunge- 
c  n  d  -  ni  i  1 1 

MLS- 

0288 

S 1  o  t  -  end- 
in  i  1 1  -  w  a  1 1 

MLS- 

0288 

Rough- 
e  n  d  -  rn  i  1 1 

MLS- 

0272 

S  e  m  i  -  I'i  n  - 
c  n  d  -  ni  i  1 1  - 
wall 

MLS- 

0265 

Fin-end- 
mill-  floor 

MLS- 

0217 

Fin- c  n  d  - 
mill-  w  a  1 1 

Milling 

Cutler 

Rough  - 
c  o  nical- 
mill-  fo  rm 

Conical 

Mill 

Finish- 
conical- 
form  -m  i  1 1 

Conical 

Mill 

No 

Passes 


0.097 

0.097 

3.9419 

3.9419 

4.0 

4.0 

1.2733 

3.82 

1.91 

3.82 

1 .985 

3.97 

0.03 

0.03 

4.0 

4.0 

2.0 

4.0 

4.0 

4.0 

Speed  Feed 
RPM  IPM 


5348  37.433 


6909  35.927 


891 


290 


1  141.0 


1454.0 


3.742 


7.9S 


16.77 


28,79 


1273.0  26.73 


19100  30.94 


710.0  24.708 


2  41.059 


Table  9.  MetCAPP'™  Results  for  Hole  with  Diameter 

Greater  Than  2  Inches 


Opcralio  n 

Tool 

Plunge- 
c  n  d  -  ni  i  1 1 

MLS- 

0288 

S 1  o  l  -  c  n  d  - 
mill 

MLS- 

0288 

Rough- 

end-mill- 

rioor-wall 

MLS- 

0272 

F  i  n - end- 
in  i  1 1  -  Moor 

MLS- 

0224 

F  i  n - end- 
in  i  1 1  -  vv  a  1 1 

MLS- 

0224 

Speed 

Feed 

Esi 

RPM 

IPM 

Tim 

4.0 

4.0 

668 

8.016 

1.985 

3.97 

670 

8.04 

1 .985 

3.97 

775 

14.183 

0.0.^ 

0.03 

955 

4.0 

4.0 

1432 

33.509 
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60 


61 


62 
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65 
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Header  Information 


^  r  Cv'  N; :  ■'  )  '  i.  .  a  r:  c  r  1 
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79 
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lacf  Ino-parc-meehod  ( chanqe-lead-technician  plan)  (Saux  old-lead-coch  .oew-Le,; 

(i-t  (.".ulL  (the  lead-technician))  (setf  oid-lead-tech  "")  (setf  old- 1 oad-tet 
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(si.t;  new- ;  ss;.e-aate  ( pop-up-typei  n- r  ead  ":r;p,.t  Lss-e  Late" 
nw. 

(  r,".d  nq.e-va  ;  ..c  (qet-icon-instance  (the  form)  ’issue-aate)  :  i  no,.t -va  1 


'.of  .  n.c-part-.-etned  ( change-date  plan)  (Saux  cld-due-date  new-dato) 

(i:  (.".J.l  (the  duo-date)  )  (setf  old-due-date  "")  (setf  oid-duo-d-a;.o  (-..ne 
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i.'r  (pop-- ..p-tyo.,;  ;.n- road  "input  Customer  \amo' 


>;t  -  i  cron  -  ;  ,':s:  ance  (the  form)  'customer)  :  inr 


Modify  Setup 
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-i  a  voc.c,  :  name'  '  u  ;  -  ;  ayou t -man-set ups ) 

"o-irioe.  (cret-pane-nameo  'graphics)  "Setups  Modificat, 
r  -  i.rr-  r  ecj.-  aw-'w  ire  ( t  ne  part  -mocioi )  ) 


Completed  Plan 
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(aor'jn  finished  (Srest  junk-icon-arqs) 

(declare  (ignore  junk-lcon-args) ) 
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Mo'jse-Right :  Form 

^r.a 

-M Idd  .e 
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:  i  cons 
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CONTENTS  (mako-ad  justable-array-o£-st  r  ings  (list  "Prcase  vvair  ..."i 
EDITOS-WIDTH  1C04 
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ii  ;  TE-:)Oi<DER-i>OINTS  (QUOTE  (1  7  22  1019  22  1019  bC9  1/  ;;09  i 
N/IME  (QUOTE  final-plan) 


:  i  :  - p,i  r:  oo  (  comp  !  orori-c  i  ar:  fiian)  (laux  setups  tirinrs) 

(o::  ;  (so.oor  :iypo  '  sol  ..p- ‘  ace)  ) 

(so;:  pri.nrs  (apper.d  prints  (al  t-ops-heador  Ir)))) 

I 


Done 


:.oa  ( CO  ;  Cl”- rc^v.  n-Lo-f  bdo  corr.and-icon )  (&ro3L  '•  ur.  <  -  i  cc.;:;  -  =  r ) 
''  .riyo.;:,  and  ‘.o  tocifurc}  based  c^osiqr.  or.  v 

i  '  -  ■  '  ,  r ’  .:r:  k  -  ;  c:on  r  (: s )  ) 

t?x'  ( V.  r.o  f;cj  r 1 )  '  f  bv:!<>-c3as  :  ck- ) 

i  C;  c;  :i 'i ‘x:  (:.:!e  par^-rodc?!)  '  {  onj?-qdi :. ) 
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(  colon-di  i^ablG-conLexc  (the  part -model)  *  man-planning) 
( CO lon-cioa 1 -and- redraw-wire  (the  part-model)) 


Modifying  the  Setups 


Setups  Modification  Layout 

i  i;;:.:-;-;;;: :  :  q  ..  r  it.  ;  or:  '  u  i  - 1  ayoito -man-seLups  '( 

( TKKK-l'ArtK  THot.-PANiE-FLAVOH  0.0  0.08375209380234507  0.2623376623378623  : 

(r::A.-;i  :o,S  3  ;Sin.AV-PANE-FLAVOR  C. 2623376623376623  0.083752093802  34  0:;  :  . 

3'e;,:.;;w  ;)la;:K) 

(MESSAGE-PANE  MESSAGE-PANE-FLAVOR  0.41818181818181816  G.C  l.C  C  .  0  8  3  -t.  C  ; 
oEACK  DAHK-l'Ui^QUOlSS) 

(SK  i  "j;JS-PANE  .-ORM-r  LAVOR  0.0  0.0  0.41818181818181816  0  .  CH  3  /  r;/t:  9  3  8  0/ 3  4 C 
tAirK-  :  GilOUGlSEI  )  ) 

i  .  :  t  .1 '  f- .  liV :  ay 1 -rttti:;- set.  ;.ps  ‘  (  a  i  -  I  ayetti -t'ar: -set.  ..ps  ( 

(S:  :  :;ps-;=ANE  MAX-SErsps) ) ) ) 


-♦ 


Form  for  Setups  Modification  Layout 


(  A.:;  :  :  c.'oaGo  '  t-’ORM-OBJECT  na-me  'MAN-SETUPS  file  "/osers/rds/rds/ jl -: 
set. apt; .  .  i  Sf)" 

i  ct !  tt  0  t:  op  0 

oe  i  : -set,;,  inqs  (copy-lisL  '  (  (GRl 'J-Si  EE  .  IC)  { D I SP  LAY-IEa  :  )  i.' 

■■p ;;j)  j ) 

:  :  -act:  '  1  GRM-OPERA 1  (ONS 

.  A  P E  RPUS." -7\ E i ST  (CGOi‘E  (  (  ;  !■  ICHT— SLOP E  .  L  t  GiPi -S  .  ;  .  -h  .  i 

(  ::)ARK-S:.CPE  .  CCRNP  :,CWER-:i;  EE) 

( :  backgrcun;;  .  oakk-'pepoegisi  j 

(:  PURPOSE  :  LIGHT-SLOPE  :  LAPF-S  LC.P  1 

;  HAGKGHOENE  :EEFAU:,T)  )  ) 

;■  ON  :  - P ERPCSE, - AL 1 S T  (COEOIE  (  (  :  l.ABEL  :p.orr*ai  rr. a  L  (: 

:r:;:rr,i!  (NORMAL))) 


; s  '  ( 

( ' CWRE-COMMANE  LABEL  "Current  Setups" 

LEF'r-7iC  ;  ON  '  ( v  i  ow-set  ups ) 

mojse-:;ocumkn';a'' ;on-s;r;no  "vO  t.  . 

NAM.E  'cur  rest -set Ufjs 

I'OP  (ROW  1)  LEFT  (CKRE-F1:A  :  Elrl  :  -t  o:  , 

( ' CWRU-COMMAND  LABEL  "Dene" 

LEFT-ACTION  ((2ECTE  coicn-ret ,.  t  ::-t  u  -p  .  . 
MIDDLE-ACTION  NIL 

MOUSE-DOC'JMF.NTAT  ION-STRING  .e‘t 

NAME  (QUOTE  DONE) 

BORDER-DRAW-MEI  KOI)  '  y v  -  :■  Or 

HGRDER-H  I  I.ri'K-yETHO:;  ..  :  ■  :• 

icp  (ROW  3)  :  (ttwR;;-:- itA : 

(  '  ::ER:,-t;:;MMAN.;  :.Atl;',L  "Ouarf  :  •  y/M.i.:r 
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LEFT-ACTION  '  ( change-qua.-r:.  ; y s ) 
N!OUSE-DOCUMENTATiON-L  l  KING  “G; 

NA!";E  '  q'janc  i l y-r.ac.-.  i  .-.o 

BORDES-DRAW-METiiOO  '  :-:C  ;  .  i-  -LGLLr 

BORDER-HILITE-METECO  ;:-ou;c;o 

TOP  (ROW  2)  LEFT  (CWRU-FEA TGRI L-GG LEER  ;)) 

( 'CWR'J-COMKAND  LABEL  "Add  reaLLre" 

LEFT-ACTION  ‘ ( add-f eaL G res ) 

KOUSE-DOCUMENTATION-STRING  j  a  .'cdL  .:;c' 


NAME  'add-feature 

TOP  (ROW  1)  LEFT  (C'WRU-r  EA'i  L R.- E-L' ;  EMX  i  i 
( 'CWRU-COMMAND  LABEL  "Delete  Feature" 

LEFT-ACTION  '  (de  lete- 1 eat  a r ei 
MO'JSE-DOCUMENTATICN-S'IRING  l  yLf  : 


-i ;  c:  :i  t.  o  t  - .  a  r.  ;i  <;  r 


at  :  ou" 


NAME  'delete- feature 
TOP  (ROW  2)  LEr'T  (CWRu-r  FAI  LR.- G-t 
( ' CWRU-COXMAND  LABEL  "Add  a  setup" 

LEFT-ACTION  '  (add-new-setup  (tr.-u 

plat)  ) 

MOUSE-DOCUMEN  ;  AT IGN-B'IR  ING  "Aou  : 
NAME  '  add-set  uf> 

rep  (ROW  3)  LEE’T  (CWRJ-r  EA  i  L’R;*,:j-C 
(  '  Ca'RL-COMMAND  label  "Delete  Letups" 

LEFT-ACTION  '  (colur.-de  lete-a-set .. 

plan) ) 

MO'JSE-DCCUKEN TAT  :  ON-S  lR  I  NG  "G.' .  ev 
NAME  ' do  I  etc- set  up 
:0P  (ROW  1)  IT  r  1  (GWRL-r  l,A  ;  „H:- 
(  '  GWRu-GOMMANG  l.ABEL  "rixturinu" 

!. EFT-ACT  ION  '  ( vi  ew-sc't  up-:  ;  x;  .  ■  :  : 

MOUSE-DOCUMENTAT  lON-STK  I  NG  "  V  I  ev, 

NAME  ' fixcuring 

TOP  (ROW  3)  LEFT  (CWRU-FKATLRE;;-^ 
('CWRU-COMMAND  label  "Operations" 

LEFT-ACTION  '  ( VI EK-OPERAT  I CA-S ) 
MOUSE-DOCUMENTATION-STRING  "Ca. . 

NAME  'VIEW-OPERATIONS 
TOP  (ROW  2)  LEFT  (CWHU-FF.ATGREG-t 
'CWRU-COMMAND  LABEL  "View  Tooling" 

LEFT-ACTION  ' (view-tooling) 

MGU  S  F,  -  DOCUMENT  AT  I  ON-  ST  R 1  NG  "Vi  ew  t  r 


)  / 


NAME  'VIEW-TOOLING 

TOP  (ROW  3)  LEr'I  (CW:^U-FEA'rUREG-lG;  ,MN 
('CWRU-COMMAND  LABEL  "Draw  Part" 

LEFT-ACTION  (CUOTE  C LKAK-ANG- E ■  .RAW' 
MOUSE-DCCUMrNIATlON-SlRlNC  • 

NAME  (QUOTE  REDRAW) 

I'OP  (ROW  2)  LEFT  (CWRU-."  r  A  i  L'.R :  Gt .  G-'l.  u  J  ' 

(  ) 
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Deleting  a  Setups 


( ;’.o  i  rie-pa  r  •--.-JieLhcd  ( co lon-de  lete-a-set up  plan)  (Saux  (which-set  up  (  eo  i  ecL -a - ..o i  i 
(i;  (cq  (pup-up-Tessage  (format  nil  "Do  you  really  want  to  deieto  -a?"  (gct-p: 

:button-list  (list  *No!  'Yes)) 

(  <  1  .  -f;a  :  t  wr. ;  ch-sot  up)  ) 


Adding  a  Setup 

( dc f  i. ■•e-par  t -met hod  (add-new-setup  plan)  () 

(let'  ((features  (select  :type  ‘manufacturing-feature-mixin  :tcs'-  (not  (e:;  .  . 
d'. -feature-type)  "starting  bioc)c“)  )  )  ) 

(nurroer  (pop-up-typein-read  "How  many  features  do  you  want  :  n  tnl;; 

( cnnos  ;  ng- f eat-u res  '  ()  ) 

(cn.ous  ;  ,’'.q-new-feature  '  ()) 

(  r  Cult ..  r(!s-cr;o.seri  (dotimes  (x  (  read- f  r  c;r.-st  r  ;  rrg  nurbirr)  tn.  np ;  . 

(setf  chocs  ing-now-feat 
".u.'.'.'tt  l1  :cti',  ..re  t;  acrcj  tc;  the  ncrw  setup")) 

(setf  features  (remove  cr.oos  i  i ;■ 

(setf  choos  i  no- ;  eat  ures  (appcn.o  (;'-'.t  nt;;  . 

:  eat r  e )  or:o;:s  :  n;i-  :  oat  u  res )  ) 

)  ) 

(answer  (pop-up-message  (format  nil  "Are  these  the  features  you  want 
■'.e:.  up  '  - '%'a"  ( f  oat  u  ros-st  r  ing  features-chosen)  ) 

:button-list  (list  'Yes  'No)))) 

(i;  (ecsua  ar.swc.'r  'Yes)  (gen-setups  (the)  (the  part-model  a?-r;tar:  m 

;  c;a;. ..  ros-chosern  I  ) 

) 

) 


Adding  a  Feature 

{ ere  1  i  ncr-oar  t -met  hed  (colon-add-a-feature  setup-face)  (Sa-x  ■  :  e  r  ..  r .  n  -  ■ 

•  cnat r  c-cnosen  f  i  na  i-foaturos  answer) 

(scit;  features  (select  rtype  ' manu f actur ing-feat ure-m ix in.  :tes'  ('ot  (eo-.i. 
f  c.'at  urc-type)  "starting  blocl<")))) 

(sertf  feat  ures -now  ni'e) 

(dolt  St  (it.  features) 

(if  (not  (member  it  (the  d2-features)  )  )  (sett  features-n.cw  (app.ena  Ic 
■  c'w  (  .  ;  St.  it.)))) 

) 


( ■ 


i  :■ !  n  .  -  O'  Si'  '  (jcit ..  r  trs-new  (lormat  nil  a  :i?-rt.:< 

(  1  (rat  ..  r ‘.'S-st  r  1  ng  (the  d2- !  trat  u  r  es )  )  )  )  ) 

:  •i.-li'.i’  -res  (.ippen'i  ( t  nc'  o  '  -  f  oat  u  r  fs )  (list  :ia:,.;i-,: 


( oop- ,.;:-:-ess,i:i('  (format  nil  "Arct  t.ncse  t.ho  feraturos  y;;,.  i 
•1  i~(.'  (  •nti)  (  1  crat.  u  r  (?s-st  r  i  ng  f  t  na  I -f  oat  u  res )  ) 

;button-list  (list  'Yes  'No))) 

•:  (  tn'i  lisp,,;,  answer  'Yes)  (not  (member  feat u r<;-chosen  (•.  •tc. 

(c,r;;rs';e  ('.tc.'  o?  -  f  crat  u  r<;s )  t  i  na  1  -  feat  u  res ) 

'■.c.'t  ..ps  ( t  no  superrior)  (the  part-model  d2 -st.a  r  t  i  ng -P  ; 

(  .'.'  ,)  ) 


l  •  to 
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Deleting  A  Feature 

Ijo  f  :  r ' ( co  lor.-de  let  e-a- feature  setup-face)  () 

(ict-  (('.eatures  (the  d2 - f ea tu res )  ) 

(  f  eat  j  re-or.osor;  (menu-choose  (the  d2-features)  (format  n.. 
t at!  fete  frcm  -a"  (qet-print-name  (the))))) 

( f  feat  u  res  (remove  feature-chcscn  features)) 

{ at*  swt;  r 

( pop- ap-mes sage  (format  nil  "Are  these  the  features  you  >.,i 
■;  ooi -or  ;  1 1  - 1.  a-e  (the))  ( f  eat  u  res-st  ring  f  ina  1- featu  res )  ) 

: button- ; f St  (list  'Yes  'No)))) 

(.%”'-on  (eg. a.  answer  'Yes) 

(cr't;rge  (the  ri?-features)  f  Lnal-featuros) 

Cp't-setups  (the  superior)  (the  part-rr.cdei  d/-sta :  t ;  no .  o 


View  Fixturing 

( 1  ;  ne-.oa a; t hc:a  ( v i ow-set up- 1  ixt ur i nq  setuf>-fdce)  () 

(.•.,■-■  (  (  :  !  xt ros-rjva  i  :  (cor  (ncrlect  ruse  (the)))) 

(  p  r  xr  cs  (mooCu'  »' girt -or  i  rrt -name  :  1  xt  u r  cr s -a va  i  1  )  i 

(:;'■  tr-eriu-rrnrrosir  pr  ;  rrt- f  ;  xi,  ures  (forrrrc;  . 

•  .ge,.  :rrr  -r!"  ( rret -pr  :  n  t -rrame  (tne)))) 

p:  int-f  ixturos)  f  ixt  u  res-ava  ;  )  )  ) 

( o r.  ;j'.v-p.i  r.  •„  ;  ;  xture-wanted) 

) 

I 


Quantity/Machine 

■:  It'!  i  :-C'-:;jr'-.“r.e:.nc'd  ( co  Lori-sjgqesi -.-nach  ines  setijp- 1  ace)  (iaux  .rac:; ;  r.t.'ii  rci;::.  ! 
i  '.fv. [  r.i'.i:  ( r.c  iiu.oen  i  or  rridchi  ne)  ) 

i:  Tiic.v’.';  t; - w a oc  (T.er.u-chooso  machines)  ) 

{  ;t.  j  r-.qc -va  i  .:o  ( cot  -  icon  -  i  nstance  (the  form)  ‘machine)  :  i  npjt-va  .  i;o  racn.  L  ^  i :  •  ■  ■  ^  i 

i  f  :  :;o-f;ar -"ot  noa  { ccion-capab  Le-mach  ine  setup-face)  (&aux  macr,'r;«.}s  1  r.-i'- : 

{ r  or.  r  ;  ove 
: .ao  .  r  '  mr.o  1 1  ow 
r  Ci  t;  r ,  rj  '  r;  a  rrr^  * 

;wr:-’r<f  (  .  '  s: 

'x.""t:X  a'C’.ambcia  (x)  (>  x  Iwidth)) 

'  /r  ix  ^f'v.arrocia  (/)  (>  /  !acpt.:'.))) 

:  *. ■■ 

••  i-  '  r:,'-  r  c.;  macn  I  nes)  ) 

’  •  '  iiw-:- : ',s-  (t.ho  ‘orr)  'machlr^e)  :;r:5:-.:-Vr  ..t  ■■'nt;;.:  t--,,  .  :' 

(  ^  . -.f 1  ) :  '  :  r,  r;ri  (  eci  1  on  “cha  nqt^-q;.  an  t  i  t  y  setup-fane)  (iaux  "m  r;  i  ;•.  <  :) 

t  r.ar,  3  .  .O'  ( c:(3 -  L  con  -  ’  nst.  a  nee  {th€>  forrr)  ‘quantity)) 

(  f  ;  "  (  :f3t :  :  ovo. 
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) 


( cr:a::::e-va 


) 


:  ao .  t' 

(It  1  < 

( read-icon-vaiue  ( 

;the  form) 

•q; 

G.it  a  ‘ 

r'.ar 

wr'a’  r 

(list. 

'  xmax 

# ' (iamoda  (x)  (>  x 

width )  ) 

'  /max 

it  '  (lambda  ( z)  (>  z 

! dept  h ) ) ) 

u L  <J  j  e  ?  nil)) 


( q<n. -icon- i  nscance  (the  form)  ‘machine) 


L  nput  -  Vi 


(aof  Ine-part -method  ( cc Ion-cancel -feat ure  setup-face)  ( 4  rest  j un.<  -  ;  con -a : s 
(c;c'cla.'C  (Lqnorc!  junk-i  cor-.-arqs)  ) 

(CO  :  or- -  r  ost  ore;-  feature  ( the)  ) 

I 

(  Ov.' ;  :  no-fia  r  t -me;  noo  I  re  i  cn-ex  i  t  -  f  eat  u  re  setup-face)  (Srest  ;unK  -  '  cc:  -  a  :  ) 

( :cc';d  a  r  c  (;nr;;;re  junk  -  i  ccri-a  rgs)  ) 

(thiO  d?- feat urcs )  ) 

c’.qt;  (tne  -acn ne  (  ;  f  rom  it))  fmachlno) 

I 


c'  .n  cnar;c;e-macn  :  ne  (iaux  cnoice) 

(■■.e.;  crc.ice  ( -tv -c.';c;oso  '(( "suggested  machine  list"  :vai^c 

("capaole  m.achine  .ist"  :vdiui.'  cap 
"Xdchlr.e  hist  Choice")) 

(  :.  )  cncl.x-  '  .c;gi;5il  oo-mach  i  no- i  ;  st )  ( cc;  ion  -  s  ;.g;u‘:, ; 

(  (eg. cl.  i  Co  '  capab  Le-macn  ;  no- i  i  s  t )  Icoiori-capaoie-mci; 


) 

I 

ccnacnjo-cpcant  ;  ty;;  (Saux  tnis-face) 

(cetf  tni;:-faco  (  select -a-set  up)  ) 

(cna.-.ge  (the  part-medei  current-subpart)  this-face) 
icoi  ;;n-moci-f  oaturo  this-face) 

I 


View  Operations 


(’ci'  c  '  ;■  .  w f>  I  *,  'V  .  r.W~OPS 

:r)q:c<.i.  r.'i'no  '  :  riOXir'  (concaL  ouepat.:'.  "rran-vicw-:;t 

(y.i ; :  i.'.qs  (lis*.  (c:c:ns  '  ws  :  :  qr  :  d- s  i  ze  10)  (ccr^s  '’.vsrtci: 

occ  '  ) 

i  :  -ci:;’  ;  ;;;;  '  r'ORM-OP  T  :  OXS 

ii'O  .  -  1  c'^  ;  n  '  ;■  0:<X  - KLr  PilSH 

qr;:  -tir-  :  o-  '  i'ORX-OPEHATTOX'; 

-p.. :  I  ’  fil.  (copy-troo  ’NIL) 

.  i  (  copy-:.  rc:0  ’  N1  P) 

.  so  -  j.ic  ..Tc:. '  ,51.  !  r:r:  -  fit  r  1  r.q  "Me;  s  se- '•:?  f  r  i  Xsuscf-i*' i  q  r.:.  :  :•  ;r'' 
'  t  ( '  r,;: ;  iok-  iccjn 

x.^N.rXi:;  ir.ci  ke-tici  j  cj:.;  r  r  ciy-s  : -s'.  :  !:-?s  (  .  ;  ' 

r,.;:  :’Oi<-w; "I:  9:1-^ 

■  Aih.:.  "Man,. :  ac;  ur  ;  rig  Ofjorations" 
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HOHiJKR-POINTS  (QUOTE  (16  21  850  21  850  240  16  240  16  21)) 

!•: LITE-BORDER-POINTS  (QUOTE  (17  22  849  22  849  239  1'  239  1/  2/jj 
NAME  (QUOTE  MANUFACTURING) 

WlUTii  850 
i'EIGHT  24  0) 

'  MU  I  P  UE-CHO  ICE-  ICON 
UURRENr-CHOICE  (QUOTE  Conciriuo) 

LABEL  "Operation  Changes" 

MOUSE-DOCUMENTATION-STRING  "Rearrange  operations  in.  a  st."..  u.o" 

NAME  ‘ops-change 
TOP  275 
LEFT  10 
WIDTH  175 
HEIGHT  30 

icons  '(('BOX-CHECK-ICON 

CHECKED-DRA'W-KETHOD  (QUOTE  CHECKEDV-CI  RCLE-D.RAW  I 
LEFT-ACTION  (QUOTE  TOGGLE-MULTT P LE-CHO i CE) 

MOUSE-DOCUMF NTATION-STRING  "Click  to  nia<e  I  ■ 

i  ..  (? " 

;  AHEi.  "Del<'t<;  f\:\  Opt.Tatlo:" 

:  ABrU.-LEIl  24 
LABEL-TOP  5 

N  A  M  K  '  d  e  o  t  e  -  o  oo  r  a  L  i  o  n 
TOP  300 
LEFT  10 
WIDTH  175) 

( 'BOX-CHECK- ICON 

CHECKED-DRA'W-METHOD  (QUOTE  CHECKED ?-C  I  RC  i.E- DRAW) 
LEFT-ACTION  (QUOTE  TOGGLE-MULT  I ? LE-CHO ICE) 
MOUSF-DCCUMENTATiON-.STRING  "Click  to  cake  •  t. 

I.ABKI.  "Reorder  Operations" 
i  ABE LEFT'  2  4 
i  AiBLL-IOP  5 

NAME  '  reor  der -v^perat  ion s 
TOP  300 
I  EFT  18  5 
WIDTH  175) 

(  'BOX-CHECK-ICON 

CHECKED-DRAW-METHOD  (QUOTE  CHECKED?-CIRCLF,-DRAW) 
LEFT-ACTION  (QUOTE  TCGGLE-KULTIPLE-CHOICE) 
MCUSE-DOCUMF.NTATION-STRING  "Click  to  make  this  the  so.o;.-: 


i.ABEI.  "Change  Tool 
LAHEL-LEIT  24 
la;(k:,-top  5 


lef:-  3  4-, 

WiDlH  100/ 

(  '  •(OX-CHFCK-iCGN 

OiFCKED- DRAW-METHOD  (QUOTE  CHECKED7-C i RCEE-LPAW) 
LEFT-ACTICN  (QUOTE  TOGGLE-MULT  i  P  I. E-CHO  1  Cl  ) 
MOUSE-DOCUMENTATION-STRING  "Click  to  rake  r  i  s  I:.: 

LABEL  "Change  reed" 
i,,ABEL-i  EET  24 
LABEL-TOP  5 
NAME  '  cfiange- I  ecrci 


;  EE:  4  8  0 


. ! 
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( ' BOX-CHECK- ICCN 

CHECKED-DRAW-METHOD  (QUOTE  C1!ECKE:)?-CI  RC LE-:: 

LEFT-ACTION  (QUOTE  TOGGLE-MULT  I P LE-CHC ICE) 
MOUSE-DOCUMENTATION-STRING  "Click  to  make  t:\  is  tr.e  so.iv;: 

o  choice" 

LABEL  "Ch.ange  Sf)eed" 

LABEL- LEU'  2'! 

LABEL-TOP  3 

NAME  ‘  c.'iacue-soood 

TCP  30G 

WIDTH  iOC) 

(  'BOX-CHECK- ICON 
checked?  t 

CKECKED-DRAK-KF THOD  (QUOTE  CHECKED 7-C I RCLL- L PALI 
LEFT-ACTION  (QUOTE  TOGGLE-M'JLTIPLE-CKOICEj 
MOUSE-DOCUMENTATION-STRING  "Click  to  make  t ;  s  tru; 

e‘  choice" 

LABEL  "Continue" 

LABEL-LEFT  24 
LABEL-TOP  5 
NAME  'ccntini.e 
lop  3 J 0 

WIBTt:  I  00)) 

) 

I 

lijar-LhIo  (copy-tree  ‘NIL)) 


(  o  e  : 


;c  r ..]  i  ;  c) : 

s- 

•cnock 

(setup-face  answer) 

(e;;..a  1  : 

rtswer 

’  .  Gordor-of>er 

ations)  (  reoroc.-r-oporat  io.-.s  set..;;- 

;  :: 

a 

■;  : 

' do lote-operat 

ion)  (ae  lote-oper  at  ion  set  i  ace  ,i 

j  ;  :> 

'  cr.anqe-Lool ) 

(change-tool.  si.,'t  jp- f  ace)  ) 

a-,  wo; 

‘  c:har‘.ce-Sf)Ooa) 

(cr.anqe-speoo  lic*..  up- f  cjco )  ) 

(  O-,!  .  .  -y 

■* 

■  a\,'  : 

'  char’.qo  -  t  Oc.'O) 

loharjqo- t  so;.  wf>- f  acc*)  ) 

i  : 

■ wo  r 

’ cost  1 n  JO) ) 

a 

1  a  wo  i 

r. :  ; ) 

.  Isv.  '  (Cent  i  r.te)  )  '  n  ;  1 ) 


> 


(cef  :',o-;;a r •„ -.rot hod  (operat 
(  .  et  (  (cp-no  ; ) 

(  ec; ::  or-  -(jperat  ion  r, 


ion 


i  1) 


s-pri ntout 


setup-^ace) 


I 


(print-  i 


(:::>•  i  no:;  (caar  (the  epor at  io.n s- soqcer;co-L  i s t )  )  )  ) 

(Lc  Lc  (  i ;  (:,';e  operat  i  ons-sequenco- 1  i  st )  printout?) 

(;.e:  correct-operation  (qet-cor  rect -operat  i  o.". 

(11  (.nul;  (nth  5  cor  rect -Of)e  rat  io.n  )  ) 

(ci.’tf  cor  rect -oper  at  ion  (subs;  it..te  0  (nti. 

(  cet.  i  printout? 

(append  printout?  (list  (format  p:;::t-ii: 
c,  >1  '  /,7f  i-h,?f  I  '7,4f  i 

/-■-!'  i  La  i  I  ! 


I 
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.■'t>c:L-'.;pc.-  .JL  ion) 
r  ijcl. -of;o  r  a  n  ion)  ) 
r  e  ;r-  -c.oc  r  an  ion  ) 

-;iy-oa;.o)  I ;;eL -pr i nt -name  (non  0  io))));) 
(incf  op-no  1) 

) 


(one  macnine)  (non  i  : :. ) 
(non  2  ccrreco-cporao ion i 

(■  (noh  5  cor  rcn.:-.  -c;pc  r  a-  i 

(noh  3  ccrreco-oporao i on ) 

(noh  7  corre;;0-op.-  r i  o:  i 


(on.  in',  (io  (cdr  (Choj  operao  ions-sequence- 1  iso  )  )  pr  in.oooo  7  .• 
(set.  f  prin0out2 

(append  printc’j02 
( 1  iso 

(format  print-lists  "i-loa  i -/Oa 


(one  machine)  (non  i  i  (■  ■  ■ 
-i  (Occay-daOe)  Cjc'.  -or  .  •  -  :  , 

:•-)))))) 

j 

I 

j 

I 


(oe; 

(  :  o: 


’-pa 
(  (op 
(pr  i 
(cor 
) 

;  (:■.•; 
(doi 


.TO-meonoa  (alo-ops-pr  intcjt  sefop-face)  (osi.) 


nooot2  nil) 
reco-operation  nil) 

0  (  s(. i  .•'.OP  (caar  osi))) 

iso  (io  osi  printout2) 

(sotf  cor reco-oporao i on  (get-correct -cperat ion  (car 
(if  (nuli  (nth  b  correct-operation)) 

(scrt:  correct -operat  ion  (s'obstitute  0  (nth  b  c;; 

:  ao  ; )  i  ) 

(sot;  printout2 

(appc'nd  printo'at2  (list  (format,  nil  "~2d 
:  '',2;  ~5,2f 

op-no  (qct-prino- 
(hth  2  correc;. -n; 
(  *  (nth  3  cor  roc. 
(nth  3  corrc!co-c: 
(non  7  cor  re::',. -::: 


;  ctJ  /  Vti 


2  li) 


.)  I 


1 

'  :  •  ::r  f  :: 


tr;::f;or;d  print.oiiiP  (list  (iormcit  ni; 

(got-pr int-n. 


-o  (:v 


:•))>)) 


) 
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( ;u.’ !  i  r  -'"iC'..  r.  c:d  (  d  J :: -ops-heade:  sot.  jp- ;  acu)  () 

(  1  ; -St.  (;;)r:-d'_  nil  "Setup  N’arr.o:  'a'%Op  No  Foature 
'.'.'■O:  i;;  F.isses  Depth  Total  Dctpth  Spcec  Fcoa 

(cptt-p.r  irit-namo  (tr-.e))  (alt-csts-pr  ;  rttout 

.  St.  I  )  )  1 
) 


(dt.'f  un  vicw-opc;rat  ions  iSaux  this-face) 

(sittf  tnis-face  ( so loct -a-set up)  ) 

( accept -va  -  uos  'view-ops  tleft  C  ttop  '1C 

:  dc  f  a  ui  t  s-ai  i  s  t  (iist  (cons  '  mar:  u  ;  attt  a  r  1  cq  ( a  .  '  :  a;  -  m  -  ;  r 

:  I  ) 

:  exi  t- '  ..net :  ot;  =i  ‘  (  iambda  (alist)  (opor  at.  ;  :;ns-;::::.:<  ■; 

‘  cps  -  ciqt'  a:  ;st(  )  )  ) 


Reorder  Operations 

i  .'.e  r  :  no-f>a:  t -,'::c.'t  .nod  (  reorder -operat  ions  setup-face)  (iaux  n.ow-cs  1 -o  roe .-  .stil:. 
cr.tc;,'  :’ew-o.s:  :,c;w-Q!).s-ordor) 

i  t  (X  (.or. (the  oott:  at  :  c::.;-soq..i;ncc- .  ;  st )  )  i 

)  i  i  )  1 

) 

(.'.ot  t  ::ew-op;;.-t;r  oor  (  st  r  inq-cor'.V(;:  t 

(term.r,.  nti  "-a"  st  r  inq-cps-order)  )  )  ) 

(.:!;l.;.st  (it  (tho  operat  ion  s-seque.nce- i  i  st )  ) 

(st't.  f  .new-os  ; -order  (appe.nci  new-os  1-order 

(list  (append  (list  (nth  (posttt:;;t  :t  (tf.' 
ct;o:  at  i  on.s-soqucncc-i  ist )  )  new-ops-order)  )  it)  )  )  ) 

) 

l..;cjt:  nc'w-o.s  . -c :  do :  (sort  new-osi-order  *'<  tkey  if'eat)) 

(  '•■■■■  (it  ::e  w-;) s  i -  o  r do  r ) 

(sec.:  ettw-tts  :  (appenr:  n<!W-;:s.  ;  ;  t  st  (cc:r  it.)))) 

I 

■  pi  ;.c  ;  CCS?  -  I.-  i-i."  (a  ; : -ops-pr  in_o..:.  (the)  new-osi)) 

t cutton- ; ist  '(Yes  No) 

;  erta  r  act.o  r  s -wiov;  iso)  ) 

(V.rc,c  (c:p:;i.  aeswet  'Yes  (changtr  (the  oporat ;  on  s-sc:juen;:t:  -  i  i  a  t. )  cot;-:::  i 


Delete  an  Operation 

r -.s*.  ['.'r.  f  acr' )  () 

?’* )  ) 

. '.  )  i  (  I 

( t;  ;r)-  ,:i-r'r.’.‘>s,5qc'  (forrTdt,  .n  i  ]  "is  Lhi.s  t:r.c  epo:  cit.  ior.  y-.r;  '  r 
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:  char  acLer  s-v;ide  12b)) 

) 

r:  :  : ) 

) 

i'.-.r.Kr.'.  a:;-sw(?r-wanr.ed  'Yes) 

(!:  ( iic.'-'T’ : -c  r  -  M  n  ish-op  (cdr  (nth  (1-  ops-:.urrb)  (tnc^  cpi.: 

. : St)  )  ) ) 

[y.'r.qr. 

(set:  feature  (car  (nth  (1-  ops-nurr.b)  (tne  t-pern 
(setf  os  L  (get-correct-operation  feature  (r.tr:  (1 
siu::  ;  o r: s  -  s ep ..encc;-  list)))) 

(cr.ange  (the  nc-ops-Ilst  (ifrorr  feature)) 

(remove  osl  (the  nc-oos-list  (::rcr  teat.. 


Change  Tool 

( -iG  ;  ir-.e-p^rt; -rreLr.od  (change-PQol  setup-face)  () 

(.u'„’  (  (op‘;-r.urr:b  (rrcnu-choGse  (ops-ler.qtn  (the  cporat  1  or.s-scG, ' 

•g;;.  cic  y;;^  v.’isi;  to  change?")) 

(‘o.;t;.ro  (car  (nth  (-  ops-ntmb  '.  )  (the  op<5rat  !  on;i-;;..;;:,.er:  j  ,  i  i 

:..cr;,;c:-  .  lot  )  )  )  ) 

(w::  r.o  :  (ntn  )  ops)) 

( poo-  ;  p-resScK:e  "if  you  coot  ir.ue,  you  may  not  get  too.  (•‘orcc. 

'  -  ot  in  'he  origina.  to:)!,  list" 

(new -ops  .n  !  ! ) 

) 

(  wr:o;:  (ec;„ri  i  a.'.swer  ’Continue) 

•  ;  .  "  i"  wn.  ;  "t-t  no  :  )  )  ) 


Change  Speed 


(  j>? f  :  rt. --^(^t nod  ( cha nqe-speod  setup-face)  () 

i  .et*  (  (Of):', -numb  (menu-chocse  ( ops- .!  enqt  h  (the  operations-soqut.r  c'e- .  > 

’O  oo  yoi,  wlinn  to  change?")) 

{f'oatwre  (car  (nth  (-  ops-numb  1)  (the  opera t  i ons-sequor. ct'- .  L  '.t  '  i  )  < 
( y;' •:  -cor  r  (icr. -operat  1  on  feature'  (nth  (-  ops-numb  M  (*tc  -  •  c 

■  :  c  !  )  )  t 


.:  <■)  ) 


I 
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) 

Change  Feed 


i  o;.  (  cr;ri“c:o- ;  oed  i.:;- ;  acc  I  () 

■  ‘.  .j  y,;..  ..  ;s;;  i:c>  c-a;ic:e?")) 

(  r  C'Li re  (car  (rrr.h  (-  ops-rrerrio  1)  (the  oper  at  io;'S-soc;„( 
Cap',  (trc. -corroct-opcraticr.  feattro  (nth  (-  c:)G-r.ur.o  Ij 

( w.-. :  err  -  [  cc?a  (nth  A  ops)) 

OGci  ( pop-up-t ypoin- read  "Type  in  the  now  food" 

"■  a"  w:;icrr-;oec)  )  ) 

(rK'.'!-;)ps  (substitute;  (  read- f  rtim-sc  r  i  r.g  ne'w-foejd)  whieh- 
i 

I  a:;,:c;!;.:'  ( r  no  nc-cps- !  i  st  (rfrom  feature)) 

I  ;r  ,..est  1 1  „t('  new-ops  ops  (the  nc-cps-;  ist  i:i:o:r  c,<i'. 


Tooling 

(no ;  n  v  ; o'w-r, ;  1  nq  ( ) 

(  (rerc;-;  .•ran-or.G  (mernu-choosei  (List  'Yes  ‘No)  "Do  you  want  tne;  r  on 

(  so;  '.,f.  -'/.'anted  nil) 

( ;.(;;;. -oat  a  '())) 

(.■.■.no:.  ((.;.. a.  r  e;- 1  harr -one;  'Yes)  (s<;ti  set  up-'w.a  re  ere  (so.en.:;  : '  ','o.  ' 

(.o’  :  '(O'l.  ..f;-'Aantcd  (select-a -setup)  )  I 


C-CCi',.  fj  (*. 


( p;.;p-'.,p-T,('Ssag(;  (forrrat  nil  ".here  r  s  year  tco'  data'i.-c" 
'  (I'crry  .hue)  ;  cna  racters-'wi  do  80) 


.  ;  S'  - : -’.CO  i  (tool-data  saux  finar-list) 

((.'o..a;f;  ( not -t  ;;a .  -  f  c:  ~a  t  (car  t  ;)o  r -na  t  a  )  )  0) 

(ot.:  frn.il-llst  (appirno  ;:.;.a(-,lst  (  ■  !  ;;t  (tcrc.at  :! 

-1,"  (oa:  t;;ol-data)  ( .-.on- i  ns-.r,  i  1 -cut  (cdr  toe;  I -data  )]))))  i 
((oc!.;<i;p  ((j<>t -tool-f orr.at  (car  tool-data))  1) 

(sctl  f;  inal- i  i  St  (append  final-list  (list  (format  rr  1  . 

-1,"  (ca,-^  too; -data)  ( non- i  ns-dr  ‘  1 1  (cdr  tool-data)  )  )  )  )  )  ) 
((oe:ua;p  (qct -t  oo !  - 1  ormat  (car  tool-data))  ?) 

(sot!  firrai-list  (append  final-list  (list  (format  n.  :  . 

I'r.;'  :e;o;-data)  (taps  (cdr  tool -data)  )))))  ) 

((ori'..a..p  (<,•(;• -tool  -  for.mat  (car  tool-da:a))  3) 

( '.ot  ;  !;nai-list  (appec.d  final-list  (li.st  (forma;  . 

1"  ('  c  ter, -data  )  (  non  -  i  n  s  -  reamers  (cdr  tool-d.a;.a)  )))))! 

((•n.,,i,:;  ( p(';.  - ;  o;;  1  -  f  o  r  rra:.  (car  ;.co  1 -da;,  a  )  )  /;  ) 

'  "  (  •  r  .1  I  (  n  ;:r  -  ;  -  oe)  r  ;  nei  (  o;; :  ;  ;  -a..;  .;  )  )  i  l  I  i  1 
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(list  (format  nil  "Tccl  ID; 
aata)  (  non- i  r; s -  forw-countor -bore  (cdr  tool-data)  )  )  )  )  )  ) 

((equalp  (get-tool-f ormac  (car  tool-data))  6) 

(setf  final-list  (append  final-list 

(list  (format  nil  "Tool  ID: 
Ocita)  ( non- ;  n  s  -  re  v-co  jnter-bore  (cdr  tool-data))))))) 

((equalp  (qot-tool  -  format  (car  tool-data))  "/ ) 

(sctf  final-list  (append  final-list 

(list  (form, at  nil  "Tool  ID: 
n,'.,;)  i , u- t  orw-counter-sink  (cdr  tool-data))))))) 

((eopualp  (qct-tool- format  (car  tool-data))  8) 

(serf  final-list  (append  final-list 

(list  (format  nil  "'loo;  ID: 
Oita)  (  non- ; s-oack-ccunte  r-sink  (cdr  tool -data)  )))))  ) 

((o:;uaip  (get-tool- format  (car  tool-data)  )  9) 

(sctf  final-list  (append  final-list  (list  (format  .nil 
(car  tool-data)  (inserts  (cdr  tool-data)  )  )  )  )  )  ) 

((cqua*p  (get-tooi-format  (car  tool-data) )  10) 

(sett  final-list  (append  final-list 

(list  (format  nil  "Tcjl  ID: 

,1  ( ;;p,'iue-vir  ;  i  1 -blades  (cdr  tool-data))))))) 

((orpuaif.'  (get-tooi-format  (car  tocl-data)  )  11) 
i;)(utf  final-list  (append  finai-iist  (list  (format  nii 
■at-  i:ar  t:;o;-data)  (  in.s-mii-body  (cdr  tool -data)  )))))  ) 

((equalp  (get-tool- f ormat  (car  tool-data))  12) 

(setf  final-list  (append  final-list  (list  (form, at  n  i 
-a-i"  (car  tool-data)  (  ins-dr  i  i  i-body  (cdr  tool-data))))))) 
((equalf  (get-tooi-format  (car  tool-aata))  13) 

(sotf  final-iist  (append  final-list  (list  (format  ni. 
(car  oo  I. -oat  a )  (  ins-roamer-body  (cdr  tool-data )  )  )  )  )  )  ) 

((equalp  (get-tool-format  (car  tool-data) )  Ik) 

(self  final-list  (append  final-iist  (list  (format  ni 
.  i  ,-),"  (car  tool-data)  (ins-boros  (cdr  tool-data))))))) 

( (equalp  (get-tooi-format  (car  tool-data))  15) 

(set:  final-list  (append  final-list 

(list  (format  nil  "Toci  ID: 

;  ,1  ( ■  -  n-r:;:  r  e- :  n s -r.o  loer  (cdr  tool-data)  )  )  )  )  )  ) 

■  i,-q,.a,p  ( gc:. oc  1  - !  or  mat 
(  '.i.'’  f  :  :  n  .  .  -  i  i  St  ( appe.nd 

(  ieo,.,i.p  (get -too  i  -  form, at 


(car  tooi-dat,,)) 

16) 

; • nai- 1 isL  (list 

( ;  o  r  m  a  t  : 

lill-ins  (cor  too; 

-cat,.ri)  )  )  ) 

(car  tooi-oata)) 

12) 

final-iist 

ist  (format  nil 

"Tool  li): 

lata)  )))))) 

(car  tocl-data)) 

18) 

Cit.il  n. s -o r  :  .  .  - ;  n s  (co'  to, 

(  (ociucil;)  (get-tool-fcr 
(st/ti  fir.al-list  (append  final-list 

(list  (format  nil  "Tool  ID; 

,1  (  ccr-c- npado-d  r  i  1  1 -b  1  ado  (cdr  tool-data))))))) 

((o;!uaip  (qet-too  1- format  (car  tool-data))  19) 

(net;  final-list  (append  final-list 

(list  (format  nil  "Too^  ID: 

(  cc-i:  -  i  r:  -  r  eame  r  -  i  ns  (cdr  tool-data))))))) 

((('q,.u.p  ( cp't -too  1  -  f  ormat  (car  tool-data))  20) 

(;,o'.  :  f  i  ;,a  1  -  i  i (append  final-list 

(list  (format  r:  i  ;  "Too:  ID; 

:  ;i  (  cc-u,- :  n  n. -CO  r  !  r'.g- i  n  s  (cdr  tool -data)  )))))  ) 

((eq.d.p  ( qc't  - 1  oo  .  -  f  orm.at  (car  tocl-oata))  2;) 

(  y.<r.. :  ‘  i  ria  1  -  .  i  St 

(rjof'urnd  fir:al-llst, 

(lis:.  (format  nil  "Tool  ID:  'a~%~a~S." 

■  ,r'C-;  r  e- ;  n, I'.o.dtr  r  -  i  ns  (cor  t  ool -da  t  a  )  )  )  )  )  )  ) 

( t  (sc:;  ;  i  na  1  -  :  ;  s;.  (append  final-1  is:,  (list,  (form,-,: 

,  .  1  I  M  i  ) 

(  (a ooono  iinai-llst  (list,  (forma:  n;i  "'-i-l' 
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(oof .. r.  non  -  i ns-mi  1  -  cut  (tool -data) 
(lorr.a'  nil  "Drawing  Number: 

Conn  i  ng  D  ia.Toter  :  -a 

Diameter  Designation:  -a 

Ditcctive  r'ijto  Length:  -a 

Over  a  i  I  :..(}nL 


~a 


;  y  ge : 


.j :  /.o  : 


None  Licit  A::g:o: 

:■(; .  i  X  [)i  root  :  on  : 

:;o  i  :  X  An.g  !<} : 

Or-.ank  or  Drive  i'ype: 
a A:  '.;)t  Diameter 

.  o.  y,i;  t..  _ 


-a 

-a 

•^a 

~a 

‘-a 

-a 


“•a 

-a 


lass: 
:  aao : 


.V  a  o  La  -  a  k  a  A  n  g  ^  o  : 
n:  im>ary  Clearance  Angie: 
Docon.dary  Clearance  Angle : 
\ec.<  ;)lame'ter  : 

Nock  Lesngth  : 

Af)!!)! :  cat  i  on  Code: 


-a 

-a 

-a 

-a 

-a" 


(nth  C  tool-data)  (nth  1  tool-data)  (nth  2  tool-data) 
-data)  (nth  5  tool-data) 

(nth  (;  tool-data)  (nth  '/  tool-data)  (nth  8  tool-data) 


( t  n  j 


,  -i:,: 

ita)  1 

;n!:h  ]  :.ool-data) 

( r: :  t 

,  :,(k:  ; -dal. a)  (nLP.  '.3 

c;ci  -data) 

0 

o 

.  -o- 

n  •„ o<) . -dav, a 

) 

;  *•  ;  ::c: -('.aca )  (nLh.  '.'-i 

tocl-da'-a) 

(r;r.:!  20  tool-oat. n  ! 

- 

23  ■„ CO, -aat.a 

) 

oo  1 -dal.  a )  (n;.:;  23 

cool -data) 

(r.tn  26  tco.-nat.:)  i 

...  y  ; 

- 

/8  tool-oata)  (nth  29  tool-data)) 


{;2e:^n.  ::  on  -  :  n  s -d  r  i  1 1  (tooJ-data) 
(form.j',  r,  i  ;  "Drawing  Number: 

i amoter :  -a 


■■  . to  r  iAoriy  Tyoo  : 


o  n  q  : 

:  u  t  e  s  : 


.  ypo : 

I  no  1  Uvied  Ang  ie  : 


-a 

-a 

-a 

-a 

-a 

-a 

-a 

~a 
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.:C:\  i  X  Ariq  !  o  : 
<  '.'ycK)  : 


-a 

ci 


y  • 


I  "a 

iol-ua^a)  {r.r.h  I  t.ooi-data)  {r/ch  2  r.Go  * -dat,ci )  ( 


[go!  Matioria;  Cor. 

(rrr  C  C 
't  Loc.-aoLa)  (rtr.  5  oool-data) 

(rL:-.  6  Looi-data)  (nrh  7  tool-data)  (r.th  B  tool-data)  i 
C  rco.-data)  {rth  11  tool-data) 

(nth  12  tool-data)  (nth  13  tool-data)  (nth  lA  tool-data 
(ntn  i6  tool-o.ata)  (nth  17  tool-data) 

(n.t:,  IR  tool-data)  (nth  19  tool-data)  (ntn  2C  tcoi-oata 
C.tn  22  too  .  -oota)  ) 

] 


(ntn  0  too. -data)  (nth  1  tool-data)  (nt 
-o/jtri)  ('••::  o  tooi-oata) 

too!-o.}ta)  (ntr.  tool-aata)  (nt 
.  “O.i Of  '  t  o<;  .  -Oct  a  ) 

•  .  o  , -.o.Jt  .1 )  (nf:  11  :c:o.-oata)  ( 
•:  :o.. (ntn  I  too.-ojta) 

•oc;.-r:ota)  (ntr.  \ t  c;o  ; t  a  )  ( 

to',';-o!t;f  (n.tn  21  tor:. -da'  a) 


2  tool -data)  (::tn  t 
P.  too  :  -O  i*  a  )  ( :  :  •  ;  ' 
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( 


(r.th  r.ooi-dac.a)  (nth  2b  toci-data) 
28  tool -data)  (nth  29  tooL-data) 

(ntn  30  rooi-data)  (nth  31  tool-data) 


(nth  26  tool-data)  c.t 
(nth  32  tool-data)  (::t 


non- i  r:s-roarners  (tool-data) 
(torr.at  nil  "Drawlnq  Number: 

Mi.:-, .  C'..tt:r'.q  diameter:  -a 

Max.  Cuttij'.q  diameter:  -a 

dlam.eter  desiqnation:  -a 

lliectivo  Cuttinq  denqth: 
dvorali  Lenoth : 


;.utt(?r  dcay  .ype: 

\o.sc:  C'.'n.am:  e;  Anqio 

dnaved  lead  Ano  lo : 


--a 
-a 
-  a 


-a 

-a 

-a 

-a 

-a 

-a 

-a 

-a 

-a 


;-.o.  :x  .ype: 

;;e  .  ix  Ang  .e  : 

Sna;;<  lype: 
ohanx  D La meter: 
loo.  Mater 1  a  1 : 
loo!  Matcriai.  Class: 
i'ooi  Material  Graoo: 

!  00.1  Mvster  i  a  1  Const  ruction  : 
i^ooy  1)  1  am.eter  : 

)  1  •imote:  Cos  1  gnat  i  on  : 

.Marqln,  Wiatn: 

Mi  r  q  1 8e  1  1  e  !  Anq  lc  : 

•t-io  1  -.i  .  r<a.<e  Ar;q  .  e  : 
lore  diamotc^r: 

(nth  h  tool-data)  (; 

I  to;,  .-data)  (n.tn  b  tool -data) 

(.nth  6  tool-data)  (nth  7  toe] -data)  (nth 

II  to'o.-dat.a)  (nt.n  21  tooi-oata) 

ir.:.r.  12  tooi-data)  (nth  2  3  tool-data)  (nt 


•-a 

a 

-a 

'a 


'  a 


:ooi-data)  (nth 


2  tool 
8  tool 
h.  1  'I  t 


-dat 


\) 

5 )  ( :  ■■ 


,  :  oo  .  -riut  a  ) 

( n  r.  n  2  / 

t.  oo X  - Ofj  t  a  ) 

(  r.t  n  18  t ; 

-Ori'.  .3  ) 

(ntn  : 9  tool 

-data ) 

t  .  -dcit  a  ) 

in^:;  ?  :i 

t  oo  l -oat a ) 

•>  0  .  —  o  a  t.  a  ) 

(ntn.  2b  too. 

-oa'.,  a) 

1  OO  . -.iat,  cj ) 

(r.L:-. 

t.  oo;-dar.a) 

l-r:;  :K:  L! 

X. .  -oat  a  ) 

(r.tn  31  too. 

-data) ) 

uo-n  26 


-oorinq  (tool-data) 
"IMawinq  Number: 
iDor. :  qnat  ion  :  -a 
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Haoiai  AajLSL.r.enL  Ranqo:  -a 

Effective  Cutting  Length:  -a 

Overall  Length;  -a 

Shank  Typo:  -a 

Shank  Diameter;  -a 

Ico:  Materia: ;  -a 

icc:  Materia:  Class:  -a 

r  ’.r.ary  So:  ie:  Angie:  -a 

(n:  n  C  Leo  1 -cat a)  (nth  i  to 
t c - Ga t fi )  (r'.tn  c  too..— data) 

(nth  b  tooi-cata)  (nth  /  tool-data)  (nth  8  L( 
i i  : GO ! -data)  (nth  11  tool-data) 

(nt'!  12  tool-data)  (nth  13  tool-data)  (nth  1 '' 
if;  tooi-c^ata)  (ntih  17  tool-data) 
h  18  too] -data)  ) 

) 


iata)  (r-th  2  tcc:.-Gatfi) 


-aata) 


..  •.  .  :,g  ;ilam<'te'r  :  -a 

Slcim,<M;.er  Des  Ignat  ion  :  -a 

I'^ieetlvo  Cutting  Length:  -a 

Dveraul  Length:  -a 


Cir.Lo:  ilody 

i'ypo : 

-a 

Coolant  I-’eea 

i  no : 

-a 

X^.r-oor'  of  F 1 

u  t  e  s  : 

-a 

ter  End  1 

ypo: 

-a 

X^ise  ;(ddius: 

"  a 

y.  n-mum  Cut: 

-a 

-a 

fypc: 

-  a 

y.'.lT.a 

a 

; _  Mate:  :  :i 

*•  a 

V,  .  ..CL  *  , 

-Cl 

r'  i  .  Ol,  :Ms)dy  L 

;  amc.’tc.T  : 

—  a 

:);amc;te:  :)es 

1.0  n.a  t  Ion: 

—  a 

:  ;  ra  ;,ocat  : 

no  Length: 

-  a 

.  :r:C!  :yp(^-i<(? 

.  ;  o  f  ; 

-a 

IMan;.:  Wlotn: 

-a 

-  r  :  r^-.j  r  y  C  lea 
ry  L, 

:  ar'.co  Anglo: 
oarance  Angie: 

-a" 

1  r;  • 

r;o  1 -(jaXci) 

ht.h  !  t;!oJ -aa 

i ; . 

:  h  tr:0:-oa:a>  i 

.  ■  oo  -o-a  .1 

)  (r:'  r-.  ;  ;  ^:>cl-c: 

a  t.  a ) 

1 

2  0  ;  oo  .  —  cat,  a ) 

(nth  13  tool- 

i  'O  n  i  f;  too  1 

a)  (nx;:  ]  /  r. 

oo’.  -data) 

( o: 

n  18  tool-data) 

(.nth  19  tool- 

(r.th  2/  tcxa 

-data)  (nth  ?  3  t 

oc 1 -data) 

( •, 

r.  2',  tc;Oi-data)) 

*>  Cl  ) 


"  ci 


ta)  ( 
ta)  ( 
oat  a) 
data) 


) 


th  2  toOi-aa:<i)  ( . 

(nt  h  2C  tool -cat  a*  (•': 


(  oo' !  . non-;  :: -  r  e  v -  c:oun t o r  -oo  r  e  ( t  oo  1  -da t a ) 
('':rr^a*  :  "orawincj  Numnor  : 
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